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REPORT 



The Seventh Annual Session of the American Railway Master 
Mechanics' Association convened at Kingsbury Hall, Chicago, Illi- 
nois, May 12, 1874. 

President H. M. BRITTON, Cincinnati and Whitewater Valley R. R., 
in the Chair. 

N. E. CHAPMAN, Cleveland and Pittsburg R. R 1st Vice-Pkesident. 

W. A. ROBINSON, Great Western R. R.,of Canada..2D Vice-President. 

S. J. HAYES, Illinois Central R. R Treasurer. 

J. H. SETCHEL, Little Miami R. R Secretary. 

The session was opened at 9 A. M., with prayer by the Rev. Dr. McKown 
of Chicago. 

The President — Gentlemen, I hold in my hand the minutes and pro- 
ceedings of the last Convention. Is it your pleasure that they be received 
without reading ? 

On motion, the minutes were received and adopted without reading. 

The President — The next business in order will be the calling of the 
roll, after which there will be an opportunity offered for all who are eligible 
and desire to become members, to sign the Constitution. 

The Secretary then called, the roll, and the following members were found 
to be present : 

NAME. BOAD. ADDRESS. 

H. ANDERSON ««. 61 Fifth ave., Chicago. 

H. M. BBITTON Cincinnati & Whitewater Valley... Cincinnati, Ohio. 

A. W. BBITTON....... Cincinnati & Whitewater Valley HarriBon, Ohio. 

M. B. BROWN Erie New York city. 

H. L. BBOWN Brie Jersey City, N. J. 

C. H. BBOWN West. Div. Del., Lackawanna & West ..Utica, N. Y. 

B. W. BUSH^ELL .........Burlington, Cedar BapidsAMinn Cedar Bapids, Iowa. 

WM. H. BBIANT. .............. ......................................................M..............103 Jud St., Chicago. 



NAME. ROAD. . ADDRESS. 

H. G. BROOKS Brooks Locomotive Works Dunkirk. N. Y. 

H. L. COOPER Hannibal & St. Joe Hannibal, Mo. 

N. E. CHAPMAN Cleveland & Pittsburg Cleveland, Ohio. 

S. M. CUMMINGS Pittsburg, Ft. Wayne & Chicago Allegheny, Pa. 

G. W. CUSHING Late of Toledo, Wabash & Western Fort Wayne, Ind. 

FOSTER CHURCH Troy & Boston Troy, N. Y. 

ROBERT CURTIS Pittsburg, Cincinnati & St. Louis Columbus, Ohio. 

JOHN F. CROCKETT Boston, Lowell & Nashua Boston, Mass. 

A. H. DeCLERCQ I. & Great Northern Hearne, Texas. 

J. T. DEVINE WUmington & Weldon Wilmington, N. C. 

W. DUNCAN , Worcester, Mass. 

WILSON EDDY Boston & Albany Springfield, Mass. 

HENRY ELLIOTT Ohio & Mississippi East St. Louis, Mo. 

J. U. EASTMAN Nashville & Chattanooga Nashville, Tenn. 

C. L. EASTMAN..... Concord „ Concord, N. H. 

JOSEPH ELDER Rockford, Rock Island & St. Louis Beardstown, 111. 

W. H. ELLIS Philadelphia & Beading Catawissa, Pa. 

WM. FULLER Atlantic & Great Western Meadville, Pa. 

CHARLES FELLOWS Lake Shore & Tuscarawaa Valley Cleveland, Ohio. 

J. 8. FUNK Northern Central Marysville, Pa. 

E. B. GIBBS Louisville, Cincinnati & Lexington Louisville, Ky. 

CHARLES GRAHAM Lacka wanna & Bloom sburg Kingston, Pa. 

S. GARFIELD Hartford, Providence & Fishkill Hartford, Conn . 

ALBERT GRIGGS Worcester & Nashua Worcester, Mass. 

A. GOULD N. Y. CentralA Hudson River Rochester, N. Y. 

F. GOULD Missouri, Kansas & Texas Sedalia, Mo. 

B. D. GRANT „ 

B. J. HAYES Illinois Central Chicago, 111. 

0, T. HAM...... Buffalo Steam Gauge Company Buffalo. N. Y. 

W. 8. HUDSON....„ ^..Rogers Locomotive Works Paterson, N.J. 

A. W. HIBBERD „ Jefferson City Iron Works Jefferson City, Mo. 

0. W. HOLLISTER Connecticut Valley Hartford, Conn. 

8. A. HODGMAN Philadelphia, Wilmington & Baltimore... Wilmington. Del. 

JACOB JOHANN Toledo, WabaSh & Western Springffeld, 111. 

J. A. JACKMAN Chicago, Alton ft St. Louis Bloomington, 111. 

ROBERT KING Charleston, Columbia & Augusta Columbia, S. 0. 

8ANF0RD KEELER. Flint & Pere Marquette East Saginaw, Mich. 

B. H. KIDDER Buffalo, N. Y. 

H. A. LITTLE 2043 Tower street Philadelphia, Pa. 

T. y. LOSEE Indianapolis, Bloomington & Western.... Urbana, 111. 

J. N. LAUDER Northern of New Hampshire Concord, N. H. 

J. LOSEY Louisville, New Albany & Chicago New Albany, Ind. 

W. LININGEB Pittsburg, Virginia & Charleston Pittsburg, Fa. 



NAME. BOAD. ADDRESS. 

FBED. C. LOSEY 120 Park avenue Jackson. Mich. 

THOS. LINGLE Chesapeake & Ohio Richmond, Va. 

G. P. MOKSE Portland Locomotive Works Portland, Me. 

LYELL T. MEAD West Wisconsin Hudson, Wis. 

J. McKENNA Indianapolis, Peru A Chicago Peru, Ind. 

JOHN McVAY ..Western of Alabama Montgomery, Ala. 

EZRA OSBORNE „ Grant Locomotive Works Paterson, N. J. 

E. PIERCE Pittsburg, Cincinnati & St. Louis Dennison, Ohio. 

S. M. PHILBRICK Leavenworth, LawJtence & Galveston Lawrence, Kansas. 

0. R. PEDDLE St. Louis, Vandalla & Terre Haute Terre Haute, Ind. 

G. H. PRESCOTT Pittsburg, Cincinnati & St. Louis Logansport, Ind. 

T. B. PURVES Western Division of Boston & Albany. ...Greenbush, N, Y. 

GEOBGE BICHARDS G. Boston & Providence Boston, Mass. 

W. A. ROBINSON Great Western Hamilton, Canada. 

W. D.ROBB BUzabethtown A Paducah Eliaabethtown, Ky. 

A. H. SOMERS Pittsburg, Ft. Wayne & Chicago Valparaiso, Ind. 

J. SKIDMORE Louisville & Nashville & Great Southern. Nashville, Tenn. 

W. T. SMITH Philadelphia* Erie Erie, Pa. 

MORRIS SELLERS Air Brake Company Pittsburg, Pa. 

L. H. SELLERS New Orleans, Jackson & Great Nor th'n.Pensacola, Fla. 

J. H. SETCHEL Little Miami Cincinnati, Ohio. 

JAMES SEDGLEY Lake Shore A Michigan Southerji «....Clevehind, Ohio. 

W, M. STRONG New York & Harlem New York city. 

H. N. SPRAGUE Pittsburg, Pa. 

N. 8LINGLAND Western Hartford, Conn. 

A. J. SANBORN Indianapolis & St. Louis Mattoon. 111. 

H. Ay TOWNE Northern Pacific St. Paul, Minn. 

L. N. TOWNE Hannibal & St. Jo Hannibal, Mo. 

JOHN THOMPSON Eastern East Boston, Mass. 

J. VAN VETCHEN Erie Meadville, Pa. 

REUBEN WELLS Jefifersonville, Madison & Indianapolis...Jefirersonville, Ind. 

J. E. WIGGI^ M Boston, Mass. 

J. L. WHITE Evansville & Crawfordsville Evansville, Ind. 

E. H. WILLIAMS Baird & Co., Locomotive Builders Philadelphia, Pa. 

L. S. YOUNG Cleveland, Columbus, Cincinnati & Ind. Cleveland, Ohio. 

ASSOCIATE MEMBERS. 

NAME. ROAD. ADDRESS. 

M. N. FORNEY Railroad Gazette New York city. 

J. O. D. LILLY IndiHUHpolis, Ind. 

F. B. MILES Ferris & Miles Philadelphia, Pa. 

COLEMAN SELLERS Philadelphia, Pa. 
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The President— The Secretary will read Sections 1 and 2 of Article IV 
of the Constitution, which will explain who may become members of the 
Association. 

ARTICLE IV. 

Sec. 1. The following persons may become members of the Association by 
signing the Constitution, or authorizing the President or Secretary of the 
Association to sign for them, and pay the initiation fee of one dollar : Any 
person having charge of the Mechanical Department of a Bailway, known 
as ''Superintendents," or "Master Mechanics," or "General Foremen," the 
names of the latter being presented by their superior officers for member- 
ship. 

Sec. 2. Civil and Mechanical Engineers, and others whose qualifications 
and experience might be valuable to the Association, may become Associate 
Members by being recommended by three active members. Their names 
shall then be referred to a committee, which shall report to the Association 
on their fitness for such membership. Applicants to be elected by ballot at 
any regular meeting of the Association, and five dissenting votes shall re- 
ject. The number of Associate Members shall not exceed twenty. Asso- 
ciate Members shall be entitled to all the privileges of active members 
excepting that of voting. Also, two Mechanical Engineers or the repre- 
sentative of each Locomotive Establishment in America. 

The President — All those persons who come under the heads of Super- 
intendents of Machinery, General Master Mechanics, Master Mechanics, 
Foremen (with a letter from their superior officers), will now have an op- 
portunity to sign our Constitution. 

NEW MEMBEES. 



NAME. BOAD. ADDRESS. 

FRANK D. CHILD Hinckley Locomotive Works ^Boston, Mass. 

B. 0. CASSCADIN Chicago, Rock Island & Pacific Trenton, Mo. 

H. y. FABIES Atchison, Topeka & Santa Fe Topeka, Kansas. 

W. A. FIELDS Portland & Oxford Portland, Me. 

L. FINLAY. Cairo & Fulton Little Bock, Ark. 

W. H. HIPPLE Texas & Pacific Marshall, Texas. 

B.F. HUBD ......Peoria, Pekin & Jacksonville Pekin, 111. 

J. A, HAN6LIN Kansas Pacific ^ Armstrong, Kansas. 

B. T. JEFFBEY Illinois Central Chicago, 111. 

J. D. JOHNSON Chicago & Alton... ^ Chicago, 111. 

G. :S. KILBY C. & P Lyndonville, Vt. 

J. J. LADD.... Springfield & Illinois South-eastern Pana, 111. 

J. C. MU^'BO St. Paul & Pacific St. Paul, Minn. 

CHABLES METZEB Louisville, Cincinnati & Lexington Louisville, Ky. 

C. B. MOBBIS Housatonic Falls Village, Vt. 

JOHN OBTTON..... Great Western of Canada Hamilton, Canada. 



NAME. BOAD. ADDBBSS. 

T. W. PLACE lUinoiB Central ^ Waterloo, Iowa. 

G. W. STEVENS...................Lake Shore & Michigan Southern Elkhart, Ind. 

L. B. SALISBUBY ......St. Louis & South-eastern Mount Yernon, 111. 

H. SCHLACKS Illinois Central Chicago, 111. 

G. W. STBATTON Pennsylvania Bailroad Altoona. Pa. 

B. WABBEN....^ St. Louis, Albany & Terre Haute, Belle- 
ville & Southern Illinois Division St. Louis, Mo. 

THOMAS WALSH Mobile & Ohio of Lou. & Nash. 6t. South.. Memphis, Tenn. 

W. L. WALLACE Lake Shore & Michigan Southern Buffalo, N. Y. 

H. S. WALLACE Columbus & Hocking Valley Columbus, Ohio. 

PHILIP WHITE CleveUnd & Pittsburg .Wellsville, Ohio. 

T. B. WOODBUFF... Central of Iowa Eldora, Iowa. 

HOBACE E. WOODS Chicago, Bock Island & Pacific Bock Island, 111. 

WM. WILSON Chicago, Burlington & Quincy Oalesburg, 111. 

The President then delivered his annual address : 

PRESIDENT'S ADDRESS. 
Gentlemen of the American Railway Master Mechanics^ Association : 

For the seventh time it becomes my duty and pleasure to welcome 
our annual reunion. Each returning year has added to the strength 
of our numbers, to the vigor of our organization, and to the useful- 
ness which has been the aim and object of our Society. 

This Association was born of a new industry. Since its birth, the 
period during which the child still remains near the mother's knee 
has hardly elapsed, yet we can point with pride to what it has done. 
It has united what has become a profession. It has mingled the 
thoughts, the ideas, the experiments, and the ascertained results ob- 
tained by the members of this profession ; sifted them, culled what 
was good, thrown away the cha£f, collated the facts, and given their 
benefits, so far as ascertained, to the world ; so much yet remains to 
be done that the Society should boast of having accomplished very 
little. 

At the opening of our Sixth Convention, a year ago, I took occa- 
sion to call your attention to the dangers that threatened the Bail- 
ways in many of the States, in view of the hopes entertained by 
producers, living at great distances from the seaboard, of realizing 
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all the profits of an Eastern market for a Western product, tbrough 
the medium of a railway. 

Men not practical either in the art of building railways, or the 
business of operating them, held out this delusive hope to those 
from whom they desired to obtain the money to construct a road. 

Such men made money in building the road, and little cared they 
whether it would be profitably operated or not. 

I then called attention to the fact that more had been done with 
the machinery you represent than had been hoped for or deemed 
possible, and warned you that where seeming impossibilities had been 
accomplished there was danger that the really impossible would be 
attempted. The past year has been fruitful in financial disaster to 
the railways of the West. All that then seemed possible, and more, 
has happened, or is in daily progress of occurrence. The farmer, de- 
ceived into donating his money for the building of a railway, finding 
he has received no such benefit as he expected from its construction 
and operation, has become a Granger. The Granger has become a 
legislator, and rates of freight have been made by legislative enact- 
ment, without reference to the cost of transportation. Thus the 
framing of a practical railway tariff, the most difficult task to which 
the experienced railroad managers have to address themselves, has 
been solved by these legislators, by the passage of some general 
enactment, which has had but a few hours' consideration. A great 
variety of causes have combined to embarrass or bankrupt many of 
the railways of the country. 

It becomes the duty of this Convention to examine into these 
causes, to ascertain, if possible, the measure of its own responsibility, 
and, so far as it has the power, to apply a remedy. The principal 
cause of the present non-paying condition of many of the railways 
is that the business has been overdone. This, professionally, we 
had no part in doing. It is one of the strange truths connected 
with railway business that the practical man is rarely consulted 
either as to the manner in which a road shall be constructed, or as to 
whether it will pay to operate it. But disaster always follows the 
overdoing of any business, and in that disaster we are involved. 

Have we not had some share in increasing that disaster ? Have 
we done all we might have done to avert it ? 



In building so many roads through sparsely-settled regions of our 
country, in building so many unnecessary and competing roads, great 
wrong has been done to legitimate railway enterprise, l^o railway can 
pay the interest on its cost when it is obliged to rely for its traffic on 
the simple, bulky farm products of the country through which it 
passes. The railway must connect city with city, or it must have a 
large manufacturing or mining interest on its line, to enable it to 
earn the interest on its cost. These facts are strikingly illustrated 
in the recent public statement of the earnings of some of our largest 
through lines, made in connection with a statement of the earnings 
of their feeders. These statements show that while the through 
line earns largely, the losses on the feeders absorb those earnings, 
and more. The through line connects city with city, manufactory 
and mine with the market for its product. Its passenger and freight 
business are profitable at reasonable rates. The feeder hauls freight 
only at a great cost in collecting and handling ; while its passenger 
trains are almost always operated at a loss. The competing through 
line cuts every legitimate and reasonable rate both for freight and 
passengers, and reduces the whole business to a losing one. The 
overdoing of the business, then, by building feeders not self-sus- 
taining, and parallel through lines not required for the transaction of 
legitimate business, is the great cause of the present distrust in all 
railway enterprise. 

This overdoing of the business by constructing unnecessary roads 
is not all — the roads have not been well built. During their con- 
struction their financial affairs have not been honestly administered. 
The widespread disaster and distrust which now eitist would be more 
easily overcome if this were not true. The roads have mostly been 
built from the proceeds of bonds, sold at a heavy discount, and by 
contractors who built for their own profit, so the bonded debt often 
represents more than twice the cost of the road, and the road itself 
has to be thoroughly rebuilt by those who operate it during the first 
few years of its existence. All this you know to be true, gentle- 
men, yet I hear you ask me: What have we as Master Mechanics to 
do with it? How are we responsible? I am quite aware that your 
responsibility only begins when the railway is finished and its rolling 
stock is to be operated. You are skilled in the profession ; all that 
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you are and all that you pan hope to become depends upon the well- 
being and good management of railways now, and their prosperity in 
the future. Every week, almost every day, some practical man is 
sought to operate a railway ; this is an assurance that you are to 
have more to say in these matters in the future than you have had 
in the past, and it therefore is well that your attention should be 
called to them. It is well that you, who, as practical men, are to 
make the earnings of the railway, should know whether its debts rep- 
resent its cost or double its cost. It is well that when you go on 
to a new road you should know whether it has to be rebuilt after a 
dishonest contractor. It is well, above all, that when you are in- 
vited to a position on a new road you should know whether it is a 
road which, by the best management, can be made to pay at all, or 
whether it has been projected by some interested person for his pri- 
vate profit, in its construction, and can not be made to pay, and you 
are called to waste your energy and time in attempting an impossi- 
bility. The railway having been built, and being in operation, is 
your particular department free from all blame for the disaster about 
us ? The traveling public, like every other portion of the commu- 
nity, seek ease and luxury. These parents of effeminacy they pay 
for with more willingness than they do for their railroad fare. They 
get a pass over the road if they can and pay with pleasure for the 
luxurious sleepers or the parlor cars. This public demand for luxury 
has created a rolling stock as great in weight as it is delightful in 
ease. You know the cost of operating such rolling stock, you know 
the weight of the locomotive required to move it, you know the ex- 
cellent condition of the track indispensable to operating it at a high 
rate of speed with safety. Have you studied carefully to know 
whether the road with which you are connected can afford to be op- 
erated with this luxury and at this speed ? Are not lighter engines 
and cars and a more moderate speed essential to profit in operating 
many of our railroads ? You reply, that all this luxury and this 
great speed is no fault of the mechanical department ; that it exists 
in consequence of a public demand, and that the public alone are 
responsible. The public are like a spoilt child in the matter ; they 
take all the sweet they can get, and cry for more. This calls upon 
you to exercise all your firmness and all your wisdom, to put an end 
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to a losing business, which you know must end disastrously. Let 
me beg every one of you, then, to renew your assiduity in these 
matters, and to do all you can to cause heavy rolling stock to be re- 
moved from the roads you serve, unless the traffic is so enormous 
and lucrative as to bear the expense it entails. Involved in this 
question of operating the rolling stock for which you are directly 
responsible, is the cost of moving large bulks great distances and 
selling them at a profit. I had the honor very briefly to call your 
attention to this point a year ago. All the injury to the railroad 
interest of the country, which a misconception of this great question 
could do, has been worked within a year. It is hardly possible to 
overestimate that injury. It had its origin in something akin to 
fraud, perpetrated by those who projected and constructed railroads 
on the people of neighborhoods through which they passed. 

To obtain from the farmer pecuniary aid in the way of donations 
by representing to him that his bulky freight, in the shape of farm 
products, would find a high market and at a low rate of freight, was 
one unfailing financial resource of the projectors of these unneces- 
sary roads. It was the hope held to the view of the honest and un- 
suspecting husbandman built upon a foundation of misrepresentation 
and falsehood. It has borne the bitter fruit which might have been 
foreseen. The deceived farmer finding the rate charged by the rail- 
road did not bring him the promised market for his products be- 
came a Granger, the Granger became a legislator and treated the 
railroad interests of great States with arbitrary laws and enactments. 
To regulate trade, not by the laws of supply and demand, not by the 
cost of doing the business, but by legislative enactments ; to say that 
a railroad shall haul a ton of freight for one-half a cent, when the 
absolute cost of hauling is one cent a ton, is as if you should require 
the farmer to sell his corn at twenty -five cents a bushel, when he can 
realize fifty cents by feeding it to hogs ; or as if you should legislate 
him into a sale of his hogs at some particular place in the State at 
half their market value. This seems absurd enough ; nevertheless, 
the Granger, deceived into donating his money to build the railroad, 
legislates with the passion of resentment, not with the wisdom which 
follows calm reflection. In Wisconsin the railroads complain that 
this legislation amounts to a confiscation of the railroad property. 
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« 

What doubt, what distrust, what absolute ruin overhangs a great 
commercial interest thus threatened by hostile legislation ! 

Again, gentlemen, I hear you ask me : Is this our work ? Did we 
build these roads? Did we deceive the farmer? Did we touch 
their donated greenbacks ? Not at all ; but, gentlemen, you are the 
practical operators of these roads. The farmer does not seek a dry 
goods' clerk to till his fields or to gather his harvest. Every week, 
almost every day, we hear that the practical railroad mechanics are 
coming to the management of railroads. You should know the cost 
of operating these roads, and you should know how to operate them 
at the least possible cost, and it is the duty of every one of you, as 
you would protect the great commerce with which you are identified, 
to educate both Granger and legislator as to the cost of transporta- 
tion, so that they shall not do a great wrong to your traffic, any more 
than you would legislate them out of the true value of the pro- 
ducts of their soil. The Granger must be reminded that before the 
railway was constructed he had no market for his products beyond 
the distance they could be hauled in wagons and profitably sold; 
whereas he now has a much wider and better market, although not 
always the highest in the whole United States. He must be reminded 
that so eager was he for the construction of a railway near his farm 
that he often solicited its building, at a high cost, rather than that 
it should not be built at all. Thus he became, in a great degree, re- 
sponsible for its construction. He has no right now to shirk his 
share of the responsibility, least of all has he a right to legislate ad- 
versely to the interest he did so much to create. His best course is 
to protect the railway, to do all that he can to make it earn a fair 
interest on its true cost, for the prosperous road will be a real benefit 
to his property, while a bankrupt road is a burden to him as well as 
its owners. 

Gentlemen, among the other causes of embarrassment to the rail 
roads, bearing directly upon it with a dead weight, is the question of 
the currency. 

I am not about to discuss a subject on which the ablest minds 
differ and all men have strong opinions ; not because it is not of vital 
importance, for if I had the ability to claim your attention on so 
great a theme, I feel I ought not to take your time for more than a 



13 

passing reflection. Sound political economy, average common 
sense, and the inexorable teachings of history concur in showing 
that an irredeemable paper currency is the greatest curse that war 
inflicts upon a nation. Its blighting influence is felt by the railway 
interest even more fatally than by any other. It furnishes the means 
to unprincipled speculators to build parallel lines and unnecessary 
roads. It is not too much to say that the railway business could not 
have been overdone, to the extent it now is, unless the means had 
been furnished by irredeemable paper. 

Gentlemen, I turn from this digression to other considerations, 
which bear upon the present non-paying condition of railways. As 
practical men, most if not all of you competent to practically operate 
a railway, I ask you if it has been ascertained yet that a steel rail is 
a necessity. If a better iron rail were made, involving but slightly 
increased expense, would the steel rail be required? In this ques- 
tion is involved the cost of producing a first-class iron rail in this 
country. That cost is by no means as low as it should be. The 
coal and iron miners of this country, unfortunately for the welfare of 
the railroads, attempt to enjoy an annual strike. They attempt this 
carnival with such regularity that they are obliged to earn in six 
months enough to sustain themselves and their families a year. 
They would make better citizens, form better communities, earn 
more money at a lower rate of wages, and produce double the quan- 
tity of iron, of a better quality, if they worked all the year round. 
And then, I ask you, would there be any need of steel rails? If 
there is no need of steel rails the cost of a first-class road would be 
materially decreased thereby, and a lower rate per passenger and per 
ton of freight would suffice for the interest on that cost. 

Gentlemen, while we call on the laborer in the mines to be sober, 
industrious, skillful, and continuous in work, we must not shrink 
from considering how far our own labor, and the labor which we em- 
ploy, has been at a rate so high as to materially interfere with oper- 
ating the railroads of the country at a proper cost. A widespread 
extravagance of living has prevailed throughout the country since 
the war. If this is one of the causes of the high price of labor, 
and if, through it, disaster is to succeed disaster to the railroads of 
the country, every hour that the day of reckoning is put off only 
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makes that reckoniDg more certainly necessary and that rain more 
general. It is our duty, therefore, to look the question squarely in 
the face, and to take those steps which prudence and wisdom de- 
mand, that our part in meeting a question so delicate and so full of 
difficulty may at least he fully and fairly done. 

Gentlemen, wo are in the city of Chicago — out of the lurid 
flames of its terrific fire, from dust and ashes, it has risen, and now 
spreads itself out in beautiful and magnificent proportions. History 
furnishes no parallel to this magical creation. The world has never 
before furnished a people with such unbounded enterprise and faith, 
supported by a country of such fertility and resource. You have 
everywhere seen the welcome it holds out to you for every enjoy- 
ment, and from what I know of you I believe you will, with becom- 
ing modesty, not fail to avail yourselves of its pleasures ; but do not 
forget that here are to be found some of the most modern and inter- 
esting applications of the mechanical arts to every necessity and 
luxury of civilization. Let these attractions claim from pleasure 
some of the hours which will not be required in attendance here. 

Gentlemen, it may seem to you that the facts I have cited and the 
truths I have pointed out, give too unfavorable a view of the indus- 
try in which we are engaged. I have not sought to be unhopeful or 
a prophet of ill. Indeed I have every confidence in the prosperous 
future of the railway interests of the country, if all connected there- 
with do their duty ; and it has seemed to nie that on an occasion like 
the present, where the whole subject is legitimately before me, I 
should fail of my duty did I not point out, to the best of my ability, 
what seem to me the causes of the present difficulties, and suggest 
some means of overcoming those difficulties, leaving to you all those 
hopes which spring spontaneously to the mind, whenever it is suf- 
fered to dwell upon an industry which is as wide as the continent 
over which it is spread, and of which it may well be predicted that 
its growth and prosperity will go hand in hand with the prosperity 
and power of the countries it does so much to develop. 

The critical condition of the railroad industries at the present 
time, the ignorance and misapprehension which exist upon all 
the subjects involved in moving large bulks great distances at 
any reasonable cost, the necessity of enlightening the public mind, 
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and awakening the public reason, to the truth upon these subjects, 
renders this an eventful era in the history of railroads. 

Here, in the commercial capital of the State where the Granger 
was first maddened into legislating upon rates and tariffs of freight 
without reference to the cost of transportation, it is eminently fitting 
the first steps should be taken to guide his footsteps toward the 
paths of reason and justice. This will require patience, good tem- 
per, and forbearance, because the enactments of folly are precipitate 
and easy, while the revolutions of wisdom are slow and difficult. 

The President — The next business in order will be the reading of the 
report of your Secretary. 

SECRETAKY'S REPORT. 

H. M. Bbitton, President American Railway Master Mechanic^ Association: 
Dear Sir — I herewith hand you my official report for the year 

ending May 12, 1874. 
Money received during the year is as follows ; 

By assessment * $2,150 00 

By donation 55 00 

Initiation fees 32 00 

From Naval Bureau 1 50 

Total amount of money received $2,238 50 

An excess over that of last year of $171, which has been turned 
over to the Treasurer and receipts taken for the same. 

A detailed statement of the number of Annual Reports and Cir- 
culars sent from this office, and the expense attending the same, is 
herewith respectfully submitted : 

Total number of Circulars distributed • 1174 

Postage on the same $11 74 

The number of Reports distributed are as follows : 

Sixth Annual to Superintendents 150 

" " " Members by mail 753 

" *\ *^ Miscellaneous parties 162 

" " " Master Mechanics not members * 100 
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Total nomber aent. 1367 

Kamber sent bj express 202 

Kamber sent bjr nuuL 1165 

Postage on same ^ $69 90 

Postage on Miscellaneoos Beports - 14 00 

Total Postage on Books and Circalara ^ $95 64 

Miscellaneoos Postage, Money Orders, etc 29 91 

Making the^total amoont of Postage. $125 55 

Tbe Association has on hand the following Annual Beports : 

Of the First and Second each 716 copies 

Of the Third .168 " 

Of the Fourth 72 " 

Of the Fifth 329 " 

Of the Sixth 133 « 

There are also two thousand large envelopes for circulars, five 
hundred small size, and eight thousand four hundred engraved letter 
headings, with which to begin the new year. 

Since my last report, thirty-two members have joined the Associ- 
ation. Of these twenty-six became members at our annual meeting 
in Baltimore, and six by authorizing the Secretary to sign their 
names to the Constitution, as provided for in Article lY. 

During the year eight have requested that their names be taken 
from the list of members. Of these, one resigns on account of his 
name being omitted from the list of members in last year's report ; 
one on account of not being able to pay his dues; three on account 
of leaving the business ; one on account of not being able to attend 
annual meetings, and two have assigned no reason. 

J. Lawrence Smith, of Louisville, an Associate Member, has re- 
signed, and asked to have his name stricken from the list of 
members. 

At our Sixth Annual Meeting Mr. Wells, of the Jeflfersonville, 
Madison & Indianapolis Bailroad, introduced the following amend- 
ment to Article lY of Section 4 of the Constitution, which, on mo- 
tion, was unanimously adopted : 

*^ Any member who shall be two years in arrears for annual dues 
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shall have his name stricken from the roll, and be duly notified of 
the same by the Secretary." 

In accordance with this provision, your Secretary issued circular 
letters to all of that class, reciting the above Article, and the necessi- 
ties of the Association for prompt payment of dues. This was re- 
sponded to by twelve members sending their assessment. Four have 
promised to do so soon, and twenty-one have never been heard from. 
There is no doubt that many members have left the business, and 
their address is unknown ; and others who are too modest to ask the 
Company, and unable of themselves, to pay their dues, take this 
silent method of canceling their obligations. The enforcement of 
this rule of our Constitution reduces our number twenty-five. 

In thus referring to the history of our membership it may not be 
out of place to call your attention to the fact jthat one of our number 
who has been an active member of our Association since 1869, is 
also one whose name will be stricken from our rolls. I refer to J. 
B. Gayle, who died at Raleigh, N. C, April 7th. Another, J. B. 
Pendleton, although not a member at the time of his death, with- 
drew only because he felt the Association was not properly appreci- 
ated, and there was no encouragement to remain. This feeling was 
no doubt caused, in a great measure, by the disease that ended his 
life, for he, too, is dead, and his name deserves honorable mention 
among members of our profession. 

This leaves our number with an increase of twenty-one, a^ com- 
pared with last year, making the total membership 243. 

Very respectfully submitted, 

J. H. SETCHEL. 

The President — You have heard the report of your Secretary. What 
action will you take upon it ? . 

On motion, it was received. 

The President — The next business in order will be the report of your 
Treasurer. 
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On motion, the report was received. 

The President — ^The next business will be the report of the Finance 
Committee. 

FINANCE COMMITTEE'S BEFOBT. 

To the American JRailway Master Mechanic^ Atsoeiation : 

Gentlemen : The undersigned, a Committee appointed to exam- 
ine the accounts have attended to that duty, and find the reports of 
the Secretary and Treasurer for 1873 correct, and recommend an as- 
sessment of ten dollars to defray the expenses of the current year. 

Eespectfully, 

EDWIN GARFIELD, ^ 
CHARLES GRAHAM, [ Committee. 
GEO. RICHARDS, J 

On motion, the report was received. 

Mb. Hayes (Illinois Central) — Mr. President, as there will be consid- 
erable correspondence coming before the Convention that will take up 
much time, I would, therefore, ofifer the following resolution, in order to fa- 
cilitate business : 

"Besolvedy That all local correspondence intended for this Convention 
shall be referred to the General Supervisory Committee for their considera- 
tion and action. 

The resolution being seconded by Mr. John Thompson, of the Eastern 
Railroad, was adopted. 

The President — All those who have any correspondence to present to 
this Convention will please leave it on the desk of the Chairman. 

Mr. Robinson (Great Western Railroad) — I move that the President ap- 
point a committee in accordance with the report of the Finance Committee, 
for the collection of dues, so that that business may be attended to as early 
as possible. 

Mr. Hates (Illinois Central Railroad) — I second the motion. 

Carried. 

The President — For that Committee the Chair will appoint the present 
Finance Committee, consisting of Messrs. Garfield, H. P. & F. R. R.; 
Graham, L. & B. R. R., and Richards, B. & P. R. R. 

Mr. Garfield— I shall be unable to do anything this forenoon. I am 
quite unwell, and any exertion aggravates the difficulty. 



20 

The President— The next business in order will be the report of the 
Committee on the Operation and Management of Locomotive Boilers, in- 
dading the Purification of Water, which is in the hands of jour Secretary. 

Beport of Committee on the Operation and Management of 
Locomotive Boilers, Including the Purification of Water. 

To the American Railway Master Mechanics' Association : 

Gentlemen : Your Committee, appointed at the last Annual 
Convention to continue their investigation of the above subject, beg 
to report that they issued the following circular of inquiry for such 
information as the experience of the members might suggest. 

CIRCULAR. 

By reference to the reports and discussions, you will not fail to 
notice that each year marks an advancement towards a solution of 
the subject of Boiler Incrustation, and while the Committee feel 
greatly encouraged, they likewise realize the necessity of still further 
investigation. It is hoped, therefore, that each member will take 
the following questions under careful consideration, and by contrib- 
uting one or more facts, assist in arriving at a satisfactory con- 
clusion. 

1st. Is it in your opinion practicable to purify water for locomo- 
tive boilers at watering stations on the line of your road? If so, 
by what means ? 

2d. Do you consider it practicable to store rain water in reser- 
voirs? If so, what form of reservoir would you recommend, and 
wbat, in your opinion, would be the expense of a permanent fixture 
of this kind ? 

3d. Would not the use of rain water entirely overcome the evil 
of incrustation? 

4th. Do you believe any mechanical or chemical means can be 
practicably and economically employed, by heat or otherwise, to ef- 
fectually purify water for locomotive use ? 

5th. Has your experience in the use of boiler compounds dem- 
onstrated that such nostrums can become a practicable, cheap, and 
effectual remedy for the evil in question ? 
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6tli. Has your experience with the mud drum, since the meeting 
of the last Convention, developed any new facts in its favor? 

7th. What means have you adopted for removing scale or incrus- 
tation, and what would you recommend ? 

8th. What method of staying crown sheets, other than the ordi- 
nary way, would you advise as a means of preventing the accumula- 
tion of mud and scale? 

The Committee will he pleased to receive samples of incrustation, 
for analysis (and for the henefit of the Mechanical Laboratory), 
which please label with name of road, and mileage of engine in 
which they accumulated. Also, please send, if possible, an analysis 
of the water used in engines on your road, name of place from 
which it was taken, and its effect upon your boilers. 

MANAGEMENT OF STEAM BOILERS. 

1st. What, in your opinion, should bo the maximum or working 
pressure of boilers, as built by locomotive builders of this country ? 

2d. As a means of greater safety, should not every steam boiler 
be provided with a water gauge, in addition to the usual gauge 
cocks f 

3d. Do you consider low water detectors, as at present manufac- 
tured, reliable, and would you recommend their application to all 
steam boilers? If you have ever used them, please state your 
experience. 

4th. What has been your experience with super -heaters ; are 
they desirable, and can they be so attached to locomotives as to be- 
come efficient, practicable, and cheap ? 

5th. Do you know of any lagging for locomotive boilers and 
cylinders better than wood, to prevent the radiation of heat ? 

6th. What is your opinion of asbestos, or any other felting, as a 
covering for steam pipes, stationary boilers, etc. 

H. A. TOWNE, Northern Pacific, 

A. H. DeCLERCQ, International & Gt. North'n, 

H. EHilOTT, Ohio & Mississippi, [ Committee. 

COLEMAN SELLERS, PhUadelphia, 

T. W. PEEPLES, Central of New York, 

Please address your reply to H. A. Towne, St. Paul, Minn. 
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The Committee lias received but few replies, and while they feel 
thankful for small favors, they had nevertheless hoped for an 
expression of some kind from most of the members, yet when it is 
considered that this subject has appeared before them so many times, 
and that many of them have replied to previous circulars, it is not 
surprising that the matter has become a little stale ; but as each 
year's experience ought to develop something new, the Committee 
had reason to hope for some new discoveries in this direction. 

In the absence of anything essentially new, the Committee will 
confine itself to a review of some of the leading features of former 
reports, with additional hints touching upon the various phases of 
this question, by eminent authors. 

First. Incrustation, its causes, effects, and cures. 

Second. The deposit of sediment, its effects and remedy. 

Third. The impurities in water which produce priming, its effects, 
and only remedy. 

It may not be necessary to dwell upon the formation of incrusta- 
tion in boilers, its causes are already so well understood, that it needs 
no special comments ; suffice to say, that carbonates and sulphates of 
lime, and carbonate magnesia are the prevailing elements contained 
in the waters which form incrustation. Chloride of sodium, fire 
clay, alumina, and silicates are also often found, but generally in 
diminished quantities, so that probably a large proportion of the 
difficulty would be overcome by expelling the lime and magnesia. 
This can be done by evaporation, or by chemical means, but such a 
process would be too expensive, as has been clearly shown in for- 
mer reports. In reference to the first feature in the classification, 
the Committee can not do themselves more credit than to quote from 
Dr. Joseph G. Kogers, on Steam Boiler Waters and Incrustation, as 
read before the American Association for the Advancement of 
Science, 1871. 

THE DOCTOR'S PAPER. 

All waters used in steam boilers contain, in solution or suspension, 
more or less mineral matter, acquired by contact with the earth's 
surface, or by percolation through its alluvium and rocks. Of this, 
sea water contains about 2,500 grains in the gallon, in solution ; 
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river and lake waters, from 5 to 20 grains, in solution, and a vary- 
ing quantity in suspension, generally exceeding 10 grains. Well 
and spring waters hold but little in suspension, but in solution, a 
quantity varying from 10 to 650 grains. This mineral matter con- 
sists of a variety of substances : the carbonates of lime, magnesia, 
and iron ; chlorides of calcium, magnesium, and potassium ; sul- 
phates of lime, magnesia, soda, and potash ; phosphate of lime ; 
bromides and iodides of calcium and magnesium ; alumina and si- 
lica. Besides these mineral substances, more or less vegetable mat- 
ter is found, which is derived from the same source. Certain gases 
are more or less present : these are oxygen, hydrogen, carbonic acid, 
and sulphureted hydrogen — the three first being always found. 
Very rarely, salts of nitric and nitrous acids are found in the waters 
of wells in certain localities. All of the above substances are not 
uniformly present ; the quantity and character of the mineral mat- 
ter in any particular water depends much on the constitution of the 
earth and rocks over or through which it has passed, and upon the 
conditions of location, and motion, and exposure to light, heat, and 
air, which it has undergone ; conesquently, there is much variety in 
the constitution of various waters with reference to their adventitious 
ingredients. 

Upon this variety depends the variation in their adaptability for 
use in steam boilers. All water, on being evaporated by boiling in 
an open pan, leaves a residue, composed of all the mineral elements 
contained in it. The deposit of this residue takes place in the fol- 
lowing manner: As soon as ebullition begins, the contained free 
gases are driven off, since they are not soluble in hot water, and, 
as the presence of carbonic acid is necessary to the solution of the 
carbonates of lime, magnesia, and iron, these salts which are found 
in all waters, are precipitated in a finely crystalline form, tenaciously 
adherent to whatever they fall upon. Sulphate of lime, which is 
commonly present, is soluble in 400 parts of cold water, but scarcely 
at all in boiling water ; therefore, as* the evaporation proceeds, su- 
persaturation occurs, and this salt is thrown down in the same form 
and possessing the same adherence as the carbonates. The other 
contained elements, which are more soluble, are precipitated in the 
same way, by supersaturation. As the quantity of water is lessened 
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the suspended matter gradually subsides, and agglutinates with the 
other deposits. In a steam boiler, the deposit from the evaporated 
water tends to take place in the same n^anner, but the constant sup- 
ply of fresh portions, and the occasional emptying; out of the satu- 
rated water, prevents the precipitation of the more soluble salts ; 
these are retained in solution. Practically, it is found that the de- 
posits from all kinds of boiler waters consist almost entirely of car- 
bonates of lime, magnesia, and iron, and the sulphate of lime. 
Scarcely more than five per cent, of other salts are found. In ma- 
rine boilers, a mushy residuum of chloride of sodium is precipi- 
tated, but incorporates itself only to a slight extent with the agglu- 
tinated incrustation of the above-mentioned salts. This latter 
deposit gradually accumulates, unaflfected by the force of the boiling 
currents, becoming thicker and harder, until, if not removed, it be- 
comes as dense as porcelain and much tougher. Under the influ- 
ence of high heats, this scale is often converted into absolute glass, 
by the combination of the silica, deposited from suspension, with 
the bases of the carbonates. 

EFFECTS. 

The evil effects of scale are due to the fact that it is relatively a 
non-conductor of heat. Its conducting power, compared with that 
of iron (according to Despretz) is as 1 to 37.5 — about ; accordingly, 
more fuel is required to heat water through the shell and flues of an 
incrusted boiler than would be required if the boiler were clear of 
scale. It is readily demonstrated that a scale one-sixteenth of an 
inch thick will demand the extra expenditure of about 15 per cent, 
more fuel. This ratio increases as the scale grows thicker : thus, 
when it is one-quarter of an inch thick, 60 per cent, more fuel is 
needed; when it is one-half inch thick, 120 per cent., and so on. 
The crust sometimes becomes so thick as to prevent a sufficient heat- 
ing of the water by the burning of any amount of fuel that can be 
placed in the furnace. If a boiler be perfectly clean, the contained 
water may be raised to any given temperature by heating the ex- 
ternal fire surface to a temperature a few degrees higher ; but if any 
scale be present it will be necessary to heat it still higher, according 
to the thickness of the soalCi in increasing ratio. To illustrate : To 
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raise steam to a pressure of 90 pounds, the water must be heated to 
320 degrees Fahrenheit. If the boiler be clean, this may be done 
by heating the fire surface to about 325 degrees j but if one -half 
inch of scale intervene between the shell and the water, such is its 
non-conduction that it will be necessary to raise the fire surface to a 
temperature of about 700 degrees — almost low red heat. Now, the 
higher the temperature at which iron is kept, the more rapidly it 
oxydizes or carbonizes and undergoes molecular change. At any 
temperature above 600 degrees it soon loses the fibrous nature of 
the wrought iron, and becomes granular, like cast-iron (which it has 
really become), by carbonization. In this condition it is brittle, 
thin, and, under high heats, liable to bulge, or even give way to the 
great pressure upon it. Weakness of boilers thus produced predis- 
poses them to explosions, and causes necessarily expensive repairs. 
Another evil resulting from the presence of scale is that it renders 
slower and more difficult the raising, maintaining, and lowering of 
steam. 

PREVENTION. 

To obviate these evils — namely ; Danger from explosion, expense 
of repairs, loss of time, and waste of fuel — very many methods 
have been devised having in view the prevention and removal of 
scale. For this purpose, picking, scraping, chaining, etc., are gen- 
erally resorted to periodically. Such is its toughness and tenacity, 
however, that mechanical force only succeeds in removing a portion 
of it, and is generally unsatisfactory, since, in addition, it is neces- 
sary, to empty the boiler and allow it to get cool enough to enter, 
which, with the operation itself, generally requires a whole work- 
ing day. 

Various mechanical contrivances have been, and are now, used to 
intercept the precipitated saline matter from the supply water on its 
passage through the heating apparatus. They consist, essentially, of 
a series of obstructions to the flow of water. This latter, being 
heated to boiling, by being intermingled with the exhaust steam in 
the heater, the carbonic acid is driven off, and a precipitation of the 
carbonates takes place, the deposit accumulating on the shelves, 
straw, or other obstructions over which the water slowly flows. In 
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this way large accumulations of the matter in suspension, and of the 
precipitated carbonates, are prevented from going into the boiler, 
and, being retained in the heater, may be removed very conveniently 
when opportunity is afforded. This plan, however, only partially 
remedies the difficulty, since it is only the precipitated carbonates 
and the matter in suspension that is retained by this apparatus. 
The soluble salts all pass on to the boiler, and also a great portion 
or the earthy carbonates, which can not be precipitated during the 
short passage through the heater. The scale in the boiler more 
slowly, but as surely, forms. 

Another variety of mechanical device for preventing scale is the 
sediment pan. This, of which there are many forms, consists, es- 
sentially, of a shallow vessel, which is placed in the bottom of the 
boiler, with the view of catching the precipitate, and preventing its 
deposition on the inner surface of the shell. They are removed at 
intervals and cleaned. This plan succeeds in gathering much of the 
sediment, but much necessarily fastens itself to the boiler, and the 
scale, as before, continues to form. 

It is impossible to make any mechanical contrivances com- 
pletely efficacious ; the great desideratum — perfect prevention — can 
not be attained by any mechanical means. To chemistry alone can 
we look for a complete method. For a long time, simple chemical 
agents have been used, in an empirical way, with a certain success 
Some of these, and their modus operandi, I will notice : Molasses, 
fruits, slops, vinegar, cane -juice, and a variety of vegetable sub- 
stances, containing more or less acetic acid, when placed in the 
boiler, at regular intervals, will remove and prevent the incrustation 
to a certain extent. The acetic acid decomposes the carbonates, 
forming acetates, which are kept in solution, and hence can not be- 
come increments of scale. The sulphate of lime and other salts are 
not affected by it, and from this the scale will gradually be formed. 
Moreover, the iron of the boiler, being open to the attack of free 
acid, will be gradually corroded, and after a time rendered useless, if 
not dangerous. 

This fact alone ought to forbid the use of these agents. Starchy 
matter — in the various shapes of potatoes, corn, oil-cake, etc. — ^has 
been much used. These prevent scale only by enveloping the pre- 
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cipitates witk gelatinous matter, which lessens their weight and pre- 
vents their agglutination into a solid mass. Starch, as well as nearly 
all other organic matter, has a tendency to produce frothing of the 
water in the boiler ; in which case the exact quantity present can 
not be determined by the gauge cocks. This is a source of great 
danger, and ought to prevent the use of such agents. Oak, hem- 
lock, and other barks and woods are operative in the prevention of 
incrustation, on account of the tannic acid which they contain. Va- 
rious extracts — such as catechu, logwood, etc.- — rich in tannin, are 
also used. Tannic acid decomposes the carbonates, forming tan- 
nates, which are insoluble ; but their specific gravity being light, 
they do not subside, but remain continually floating in the boiling 
currents; and, moreover, being amorphous, they have no tendency 
whatever to agglutination, and therefore do not incrustate on those 
surfaces with which they come in contact. The sulphate of lime, 
however, is not decomposed by tannin, and will form a scale, not- 
withstanding its presence. The same objection holds against tannin, 
in its free state, as offered in the above-named agents, as does against 
free acetic acid ; it will attack the iron of the boiler ; though, as the 
tannate of iron is insoluble, the corrosion will not be as rapid as 
with the acetic acid, which forms a soluble acetate with iron. 

The fixed alkalies are much used in the various forms of lye, 
ashes, sal-soda, caustic soda, potash, etc. These agents decompose 
the sulphate of lime, the resulting sulphate of soda or potash being 
retained in solution, and the carbonate of lime precipitated, but in 
large crystals, not apt to condense into hard scale. The carbonates 
of lime and magnesia held in solution by free carbonic acid are pre- 
cipitated by the appropriation of the acid to form carbonates or bi- 
carbonates of soda or potash ; but, as with tHe sulphate of lime, the 
crystals being larger, do not form so refractory a scale as when pre- 
cipitated by boiling alone ; still, as these earthy carbonates form the 
major part of nearly all incrustations, this method, which fails to do 
more than merely modify their form and qualities, without affording 
means for their voidance, deserves little attention. Ammonia and 
its carbonate have a precisely similar action , and are similarly ob- 
jectionable. The alkalies have no corrosive action on the boiler, 
but, on the other hand, rather tend to prevent it, by appropriating 
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the free carbonic acid, which ordinarily combines with the insoluble 
crust of oxide of iron (iron rust) on the inner surface, forming a 
soluble carbonate, which, being constantly dissolved away from the 
iron, leaves a surface continually exposed to fresh action. 

Muriate of ammonia is another means of obviation : This has its 
action only on the earthy carbonates. The resulting carbonate of 
ammonia, being volatile, passes off with the steam, and the chlorides 
of calcium and magnesium are retained in solution. This is a very 
efficient way of removing old scale, since the earthy carbonates con- 
stitute the greater portion of most incrustations. Its only objection 
is the ammoniacal odor in the steam. 

Petroleum has been used with some reported success. The ra^ 
tionale of its action is difficult to give, owing to its chemical com- 
plexity. 

The foregoing are methods in which a single agent is depended 
upon. Many compounds have been devised with a view of overcom- 
ing all difficulties ; many such have been patented, and many more 
are sold as secret, proprietary preparations. Tannin is the basis of 
most of them, generally in combination with various alkaline salts 
and some starch- bearing substance. These elements, some useful 
and some useless, I have found nearly always in a state of mere 
mechanical mixture, and not uniform in chemical constitution. 
They generally contain more or less free tannic acid, which is ob- 
jectionable on account of the slow corrosive effect on the boiler 
and an amount of insoluble, inert vegetable matter, which is liable 
to cause foaming. Besides these methods, in which chemical agents 
are put directly into the boiler, others have been devised in which 
the waters are depurated in tanks before entrance into th6 boiler. 
Clark's method consists of the admixture of lime, simply. This 
precipitates the earthy carbonates by appropriation of the free car- 
bonic acid which holds them in solution. The newly-formed car- 
bonate of lime, being insoluble without the presence of free acid, 
also falls ; the supernatant water is drawn off for use ; sulphate of 
lime and other salts remain untouched. This, in turn, might be re- 
moved by carbonate of soda — carbonate of lime being precipitated, 
and sulphate of soda being retained in solution. Another method, 
proposed by myself, consists essentially of the conversion of the 
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earthy carbonates into soluble chlorides by hydro -chloric acid, the 
excess being neutralized by filtration through carbonate of baryta 
(witherite) in coarse powder. The soluble chloride of barium, thus 
formed, will decompose the sulphate of lime, the resulting chloride 
of calcium being very soluble and the sulphate of barjta insoluble 
and very heavy ; the latter subsides, forming a deposit not easily 
disturbed. By this method the carbonates of lime and magnesia, 
and the sulphate of lime, which constitute 95 per cent, of the scale- 
forming matter, are completely changed into very soluble chlorides, 
which will not form a scale under any circumstances. This plan 
recommends itself for railway water stations by its cheapness and 
simplicity. Tannic or acetic acid, the excess being properly neu- 
tralized by carbonate of soda, may be also used for tank depuration. 
With the tannin, insoluble tannates are precipitated ; with the acetic 
acid the carbonates are converted into soluble acetates ; the neutral- 
izing alkali will decompose the sulphate of lime, producing soluble 
sulphate of soda and precipitating carbonate of lime. The carbon- 
ate of soda or potash alone may be used, as it will precipitate all the 
lime and magnesia as carbonates. All these tank methods require 
supervision, and can not, to any great extent, influence scale already 
formed ; and, as the removal of this is as needful as its prevention, 
it is palpable that, for general application, that method is best 
which attains the complete removal as well as prevention of scale, 
by chemical means, operating inside the boiler. As fulfilling this 
indication with ease and economy, and without damage to boiler, 
foaming, or any other untoward result, the writer has devised the 
following process, which three years of extensive and varied prac- 
tical trial have thoroughly tested : Tannate of soda is the agent 
used. This is periodically introduced into the boiler or heater, by 
any convenient means, in sufficient' quantity to maintain a constant 
excess, determined by the presence of its peculiar color in the 
water at the gauge-cocks. It is soluble, and being constantly pres- 
ent, as the supply water pours in, loaded with the scale-forming 
salts, the following reactions are constantly going on between the 
tannate of soda and the carbonates of lime and magnesia. A mu- 
tual exchange of acids and basis occurs ; the lime and magnesia are 
precipitated as tannates in a light, flocculent, amorphous form, so 
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that they do not subside at all, but are kept circulatiDg in the boil- 
ing currents until they find their way into the mud receiver, there 
finally subsiding into a loose, mushy sediment, which may be blown 
out very readily from time to time as it accumulates. The carbon- 
ate of soda, formed in the reaction, is retained in solution, becoming 
a bi-carbonate by appropriation of the free carbonic acid of the 
water. This decomposes the sulphate of lime; the resulting sul- 
phate of soda is retained in solution, and the carbonate of lime is 
acted upon, at the moment of precipitation, by fresh portions of the 
tannate of soda. The constant presence of the ^Ikali protects the 
iron of the boiler from all action of tannic or carbonic acid. Since 
both have a greater affinity for soda than for iron, the alkali will 
keep both acids neutralized as far as the metal of the boiler is con- 
cerned. The lime and magnesia, however, having a greater affinity 
for the tannic acid than the soda has, its acid action will be opera- 
tive on these bases, producing the results before detailed. The 
same reactions take place between the tannate of soda and the already 
formed scale ; its exposed surfaces are gradually disintegrated, the 
resulting sediment finding its way into the mud receiver. 

This superficial abrasion loosens portions of the scale, which can 
be removed at intervals of one to four weeks, according to circum- 
stances, until the boiler is clean ; after which it will be necessary to 
open the boiler only at long intervals for inspection, as the tannate 
of soda will keep it clean, if properly used in sufficient quantities. 

As the earthy carbonates and the sulphate of lime constitute the 
great mass of the mineral matter found in most boiler waters, and as 
the remaining constituents are soluble, and hence do not incrustate 
if the boiler is occasionally emptied, it will be seen from the fore- 
going that in this salt (the tannate of soda) we have an agent which 
perfectly fills the demand theoretically, and, as before stated, exten- 
sive trial in all kinds of waters has proven its practical efficacy. It 
is applicable to marine boilers, as well as those using fresh water, 
for the marine incrustation is almost precisely similar to that formed 
from the waters of rivers, lakes, etc., consisting, as it does, princi- 
pally of earthy carbonates and sulphate of lime. The chloride of 
sodium of sea water forms a mushy deposit, if supersaturation is al- 
lowed to take place, but it is incorporated in the scale only to a 
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slight extent, and this is prevented, by more or less constant change 
of water, by blowing out both from the surface valve and from the 
sediment receiver. 

The length which this paper has reached forbids my noticing sev- 
eral other methods of scale prevention, which have been proposed 
by myself and others. Before leaving the subject, however, I will 
mention a simple method for determining the hardness of waters 
and their fitness for boiler use. 

DETERMINATION OF HARDNESS OF WATER. 

A saturated, filtered tincture of soap is prepared of proof spirit 
and the soft soap of the pharmacopoeia ; also a solution of bi-car- 
bonate of lime, by passing carbonic acid gas through lime water till 
it becomes clear. An ounce of this is carefully evaporated and the 
residue weighed. To another ounce of this solution the tincture of 
soap is added, one minim at a time, with shaking after each addi- 
tion, until a permanent lather is formed. The weight of the above 
residue in grains is to be compared with the number of minims re- 
quired to produce a lather. This comparison will show how many 
grains of hardness will be neutralized by a given number of minims 
of the soap tincture. This tincture, thus roughly titrated, is to be 
added, one minim at a time, with constant shaking, to an ounce of 
any water to be examined, until a permanent lather is produced ; the 
number of minims required will indicate, by reference to the last 
operation, the number of grains of hardness. Tincture of soap 
does not alter by keeping closely stopped, and by this simple agent, 
with no other apparatus than a minim glass and a vial, the hardness 
of any water may be determined with sufficient accuracy to decide 
upon its fitness for boiler use. 

Madison, Ind., August, 1871. 

If the doctor's process, as recommended for railway watering sta- 
tions, will precipitate lime, magnesia, etc., in cold water at a mod- 
erate expense, it is certainly a valuable discovery, and should at 
least have sufficient credence to insure a practical trial under the 
eye of experts. 

In order to qualify Dr. Rogers' theory in a practical point of view 
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concemiDg the use of chemical compoands operating inside the 
boiler, the second feature in the classification may be considered. 
As has been stated in former reports, locomotive boilers are not con- 
stmcted to admit of the ready removal of incrustation, nor can they 
be, and prove efficient for all they are designed to do, including the 
ready removal of sedimentary deposit. Chemical compounds for 
the removal of incrustation, operating inside the boiler, is an old 
remedy, and it may be conceded that some of them will remove and 
prevent the formation of scale, probably without serious injury to 
the iron, but their introduction into the boiler adds still more to 
the impurities already in suspension, which, in combination with the 
dislodged scale, falls, if unobstructed, gradually to the bottom, in a 
semi-fluid mass, and if not removed when in this state it will become 
80 hardened as to render it impossible to remove it by any ordinary 
means of blowing off or washing. 

It is a question, then, whether the "flocculent amorphous" form 
which Dr. Rogers says the sediment assumes in the boiler by the 
chemical action, and which floats in the current of ebullition till it 
reaches the mud receiver, where it may be readily blown out, from 
time to time, does not lodge in its descent upon the tubes and inter- 
nal surface of the boiler, while the water is at rest, and then be-come 
hard by the action of the heat remaining in the boiler. 

If the water is let out of the boiler, or blown out under pressure, 
as is frequently the case, the hardening of any sedimentary substance 
is inevitable. The floating substance must necessarily settle as the 
water recedes, and how it can pass down through a boiler full of 
tubes not more than 1-^ of an inch apart, without lodging upon 
them, just in proportion to the consistency of the rile, is not easily 
understood. Besides, whatever amount of sediment reaches the 
bottom of the boiler is equally distributed throughout the entire 
length and breadth of the same, and the blow-off cock in the mud 
receiver will only remove that contained in the receiver, and as much 
in the boiler as the force of the eddy may reach by the action of the 
current passing through the cock. 

DEPOSIT OP SEDIMENT. 

Kegarding the injurious effects of the deposit of sediment, we 



33 

we will refer to the reports of inspections made by the Hartford 
(Conn.) Steam Boiler Inspection and Insurance Company, for the 
months of March, October, and November, 1873. The whole num- 
ber of boilers inspected daring the three months was 7,173 ; of this 
number 2,161 were inspected internally and entire, and 3,290 were 
found defective. Cases of incrustation and scale, 587 — 50 danger- 
ous. When boilers are not blown down frequently, impurities in 
the water become concentrated and act very injuriously on the iron. 
Deposits of sediment, 570 — 82 dangerous, 20 of which were very 
* bad, with great danger of burning the fire sheets, so they would be- 
come contorted and dangerously fractured. Whole number of 
burned plates (which may be attributed to the deposit of sediment), 
207 — 87 dangerous. Whole number of defective boilers from in- 
crustation, deposit of sediment, and burned plates, 1,364 — 219 
dangerous. 

It will be seen that nearly half of the whole number of defective 
boilers became so on account of incrustation and deposit of sedi- 
ment, and, strange as it may seem, there was 40 per cent, more dan- 
gerous cases from the deposit of sediment than from incrustation 
and scale. This evil in locomotive boilers is as difficult to over- 
come as that of incrustation itself. 

Thence again comes the objection to the use of boiler compounds, 
and the necessity of purifying the water and allowing it to settle 
before taking it into the boiler. It is not unfrequent that the space 
between the flues in locomotive boilers is found full of sediment and 
literally joined together in one solid mass halfway up the boiler, 
and packed so hard as to render it impossible to wash it out after 
several of the flues have been removed. 

A similar case came under the notice of Mr. Towne, of the North- 
ern Pacific Eailway. After the flues were removed from engine 117, 
there remained nearly one-third of the boiler full of this deposit, 
and some of it so hard as to make it necessary to use a pick for re- 
moving it. 

(The above statistics further illustrate that more than half the 
defective boilers from other causes are due to careless and incompe- 
tent management, proving clearly that a large number of cases from 

which explosions might be expected may be traced to a direct cause.) 
3 
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THE PURIFICATION OP WATER BY DR. CLARK. 

His process for purifying water for the use of cities has proved a 
success, and it is said to be as cheap and efficient for railway pur- 
poses as for domestic use. Your Committee beg the indulgence of 
the Convention in the reading of his excellent and able delineation 
of this subject. He says in order to explain how the invention op- 
erates, it will be necessary to glance at the chemical composition and 
some of the chemical properties of chalk ; for which chalk makes up 
the great bulk of the matter to be separated. Chalk also contains 
the ingredient that brings about the separation. The invention is a 
chemical one for expelling chalk by chalk. 

Chalk then consists, for every one pound of 16 ounces, of lime 9 
ounces, carbonic acid 7 ounces. The 9 ounces of lime may be ob- 
tained apart by burning the chalk, as in a lime -kiln. 

The 9 ounces of burnt lime may be dissolved in any quantity of 
water, not less than 40 gallons. The solution would be called lime 
water. During the burning of the chalk to convert it into lime, the 
7 ounces of carbonic acid are driven off. This acid, when unoom- 
bined, is naturally volatile and mild; it is the same substance that 
forms what has been called soda water, when dissolved in water un- 
der pressure. Now, so very sparingly soluble in water is chalk, by 
itself, that probably upward of 5,000 gallons would be necessary to 
dissolve one pound of 16 ounces, but by combining one pound of 
chalk in water, with 7 ounces additional of carbonic acid, that is to 
say, with as much more carbonic acid as the chalk itself contains, the 
chalk becomes readily soluble in water, and when so dissolved is 
called bi-carbonate of lime. If the quantity of water containing the 
one pound of chalk, with 7 ounces additional carbonic acid were 400 
gallons, the solution would be a water of the same hardness as well 
water from the chalk strata, and not sensibly different in other re- 
spects. Thus it appears that one pound of chalk, scarcely soluble at 
all in water, may be rendered soluble in it by either of the two dis- 
tinct chemical changes. Soluble by being deprived entirely of its 
carbonic acid, when it forms lime water, and soluble by combining 
with a second dose of carbonic acid, making bi-carbonate of lime. 

Now, if a solution of the 9 ounces of burnt lime forming lime 
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water, and another solution of the one pound of chalk, and the 7 
ounces of carbonic acid forming bi-carbonate of lime be mixed to- 
gether, they will so act upon each other as to restore the two pounds 
of chalk which will leave, after the mixture subsides, a bright water 
above. 

The water will be free from carbonate of lime, burnt lime, and 
chalk, excepting a very little, which we keep out of account at pres- 
ent, for the sake of simplicity in this explanation. The following 
table will show what occurs when this mutual action takes place : 

Agents. 

Bi-carbonate of lime \ Chalk with carbonic /1/. ^ _„ ia «„„^„ «r «i,„ti- 

in 400 gallons. | acid 7 ounces. \ ^^ o«°cefl-16 ounces of chalk. 

Burnt lime in 40 sallons of lime 1 n 

wate?, 1 9 ounces. 

A small residue of the chalk always remains, not separated by the 
process; of 17J grains, for instance, in a gallon of water, only 16 
grains would be deposited, and 1^ grains would remain. In other 
words, water with 17^ ounces of hardness, arising from chalk, can 
be reduced to 1^ ounces, but not lower. 

These explanations will make it easier to comprehend the succes- 
sive parts of the softening process. 

Supposing it was a moderate quantity of well water from the 
chalk strata around the metropolis that we had to soften, say 400 
gallons. This quantity, as has already been explained, would con- 
tain one pound of chalk, and would fill a vessel 4 feet square by 4 
feet deep. We would take 9 ounces of burnt lime made from soft 
upper chalk ; we first slack it into a hydrate, by adding a little water. 
When this is done we would put the slacked lime into the vessel 
where we intend to soften, then gradually add some of the water in 
order to form lime water. For this purpose at least 40 gallons are 
necessary, but we may add water gradually till we have added twice 
as much as this; afterward we may add the water more freely, taking 
care to mix intimately the water and the lime water or lime ; or we 
might previously form saturated lime water, which is very easy, 
and then make use of this lime water instead of lime, putting 
in the lime water first and adding the water to be softened. 

The proportion in this case would be one bulk of lime water to 
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ten bulks of bard water. It is of importance tbat tbe lime water, 
tbat is tbe softening ingredient, be put into tbe vessel first, and tbe 
bard water gradually added, because tbere is tbus an excess of lime 
present up to tbe very close of tbe process. Instead of lime water, 
tbe lime itself may be put at once into tbe vessel, and some of tbe 
water to be softened added gradually to dissolve it. Tbe soft water 
tbus obtained bas no action on lead pipes or cisterns, as many soft 
waters bave. One ton of burned lime used for softening, will pro- 
duce tbree and a balf tons of precipitate. Tbe present water sup- 
ply of tbe metropolis, if subjected to tbis process, would deposit 
about fifty tons of cbalk daily. Tbe process was in operation on a 
large scale for several years (1854 to 1861) at Plumstead, near 
Woolwicb, wbere 600,000 gallons daily were operated upon with 
most satisfactory results. Tbese works are now given up, altbough 
for reasons quite apart from any failure in tbe process. 

Several water works bave since been erected, or are in course of 
erection, by Mr. Homersbam, C. E. London, for supplying water 
from tbe cbalk springs softened by Clark's metbod; for example, 
at Castle Howard, seat of tbe Earl of Carlyle (1858), at Catberbam, 
Surrey, for tbe supply of Catberbam, Warlingbam, and several 
neigbboring towns (1861), at Sbooter's Hill, Kent, for tbe War 
Office, for softening tbe water for tbe Kent Coimpany, for tbe supply 
of tbe Berbent Hospital, etc., (1865), at all of wbicb works tbe pro- 
cess is in successful operation. Mr. Homersbam bas also nearly com- 
pleted works near Terry, Herts, for tbe supply of Triery Aglesburg, 
and otber towns, witb softened spring water. 

Mr. Homersbam finds tbat spring water from cbalk can readily, 
on tbe large scale, be softened down from 4^ to 2^ degrees of bard- u 
ness. Tbis (Clark's) process is not confined in its effects to soften- 
ing; it bas a decided influence as regards organic impurities, for it 
not only removes tbe active source of corruption, wbicb exists in all 
cbalk water, as above explained, but tbe precipitated cbalk carries 
down witb it a large proportion of sucb organic matters as may be 
already present. 

Several calico printers in Lancasbire bave bad tbis process in use 
for several years, for tbe improvement of tbe quality of tbe water 
employed in tbeir business. 
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We are not aware that this process has heen tried for railway pur- 
poses, hut like that of Dr. Eogers, it recommends itself, and your 
Committee would advise a practical trial of each process, and, if 
found cheap and efficacious, it could he advantageously employed to 
purify, or at least improve, the quality of water at watering stations, 
where rain and surface water can not he cheaply provided. 

PBIMINa. 

Impurities in water which produce constant priming, is confined, 
in this country, almost exclusively to the alkali regions, and is com- 
posed essentially of potash and soda; ammonia and lithia are some- 
times found in distinction from the fixed alkalies. The peculiarities 
of this water are such that it can not he practically purified for loco- 
motive use. Surface water should, therefore, he avoided in sections 
where alkali exists, and deep wells sunk near streams, or rain water 
stored in reservoirs must he depended upon. Priming seldom takes 
place using water containing strictly calcareous suhstances. Loco- 
motive hoilers using surface water are apt to prime if allowed to he- 
come dirty, owing to the alkaloid condition of the decayed vegetahle 
matter held in suspension, thus adding to the sedimentary accumu- 
lations already referred to, by taking such water into the boiler, 
without first freeing it from these troublesome collections by filter- 
ing or settling. 

OHEMICAL COMPOUNDS. 

Concerning the use of chemical compounds, the dommittee is dis- 
posed to give them all the credit that a thorough investigation of 
their merits will warrant, and with a view to making reference to 
some of them which might be found (by submitting them to chemical 
test) uninjurious to iron, we addressed all the leading compound 
manufacturers in the name of the Committee, asking for an analysis 
of their preparation, or an affidavit from competent chemists, stating 
its effects upon iron under the treatment to which it would be sub- 
jected to in steam hoilers. 

Some signified their willingness to furnish an analysis, while oth- 
ers objected, on the grounds that by revealing the secret their busi- 
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ness would thereby be destroyed. They would guarantee their 
preparatioD, and make no charge if it failed to prove as recom- 
mended, etc. 

Such excuses are hardly admissible, since the Oommittee, in their 
inquisition, assume the honor of the physician who never disgraces 
his profession by exposing his patient. 

Mr. Lord, of Philadelphia, has furnished the Committee the fol- 
lowing evidence concerning the merits of his preparation : 

Mr, Qeorge W. Lordf Philadelphia : 

Dear Sir — We have made a chemical examination of your boiler 
compound, used for the prevention and removal of boiler scales, and 
find that it is free from any substances that could prove injurious to 
the iron boiler. 

[Signed.] Respectfully yours, 

BOOTH & GARRETT, Chemitts, 
No8, 919 and 921 Chant a., near St, Stephen Churehf PhUaddphia. 

March 5, 1874. 

Sworn and subscribed before me this 11th day of March, 1874, 
Chas. Gugger, Aid. 

JAMES C. BOOTH, 
THOMAS H. GARRETT. 

We have the following certificate from Mr. Lighthall : 

Chicago, September 20, 1872. 

This is to certify that I have submitted to chemical examination 
the commercial article known as LighthalFs Anti-Incrustator, for 
removing and preventing incrustation in steam boilers, manufactured 
by J. N. Lighthail & Bro., of Chicago, and can confidently assert as 
the result of such examination, that no one of the ingredients used 
in its preparation, either alone or as here combined, is capable of 
corroding iron, or can be injurious to steam boilers at any tem- 
perature. 

[Signed.] JAS. V. Z. BLANEY, 

Analytical ConstUiing ChemieL 

Jas. Y. Z. Blaney, being duly sworn, says that he has read the 
above certificate by him subscribed, and that the same is true to the 
best of his knowledge and belief. 

Subscribed and sworn to before me this the 20th day of March, 
A. D. 1874. 

WALTER BUTLER, N. P. 
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We beg to present for your consideration certificates concerning 
one more article of this kind, known as Steatite Talc, consisting 
simply of prepared soap stone. 

It is a foreign discovery but recently patented in the United 
States, and promises to supersede all other preparations for this 
purpose, owing to its exceeding cheapness, simplicity, and most de- 
sirable effects. An extended investigation of its merits will be made 
in this country during the present year, and the result reported to 
the next Convention. 

This Steatite Talc is an essential mineral matter which has been 
submitted to a most careful chemical analysis, and was found to con- 
tain the following substances, viz.: 

Silica 0.595 parts. 

Magnesia 0.310 " 

Protoxide of Iron 0.040 " 

Water 0.030 " 

Alumiue. 0.015 " 

Magnetic Iron 0.005 " 

And other substances 0.005 '^ 
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Mr. TowNB, Hannibal & St. Joseph Bail road — Mr. President, allow me to 
make a remark in explanation of Steatite Talc. Perhaps, in the reading of the 
report, the members may not have understood what the article is. It is 
simply pulverized soap stone. That has been used in the old country for 
quite a long time, and is spoken of very highly by these parties. Its effect 
upon boilers is to remove as well as to prevent incrustation, and its action 
upon pistons, valve stems, etc., is like that of oil, preventing the wear ; and 
by these testimonies I should judge that it would be a very good article, 
provided it will prevent the formation of scale. There has been no experi- 
ments made as to that up to this time in this country, but there are now ex- 
periments going on. 

This Steatite Talc is insoluble. It is also incombustible, and has 
no chemical or corrosive action on steam boilers, steam engines, 
or metals of any kind. It simply prevents the adhesion of calcareous 
.and other deposits to the inner surfaces of the boiler plates, the 
Hues, or tubes, and acts only as a division, without changing in 
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any way the normal condition of the steam boiler in regard to eyap- 
oration. 

The testimony below by Marie, Chief Engineer of the Paris, Ly- 
ons, and Mediterranean Railways, who represents an interest (we 
understand) owning 1,700 locomotiyes, will serve to illustrate far- 
ther evidence of its merits. 

Paris, November 28, 1872. 

To Messrs, Vigier and Donnet: 

Gentlemen — For eighteen months we have used your Steatite 
Talc for the boilers of the Ehone & Mount Cenis Railway, which 
are fed with extremely incrustating waters. The experiments were 
entirely satisfactory with the waters of the whole section. Our new 
boilers, as well as those ^having already been in use, were, through 
the action of your Steatite Talc, relieved from the solid deposits 
therein accumulated, and have ever since been preserved from incrus- 
tation while they were submitted to its action ; but on ceasing the 
use of your remedy for a short time, say one month only, fresh 
incrustations were immediately formed again. 

The addition of Steatite Talc to the water feeding new steam 
boilers, not only prevents incrustation therein, but it has also the 
effect of destroying incrustations already accumulated in boilers hav- 
ing been in constant use for several years, such as those in use at 
the depot at Chambery. The old incrustation receiving no fresh 
accumulations became, in a short time, detached from the inner sur- 
faces of the boiler, and were carried off by washing or by blowing 
out the boiler occasionally. We have also observed that all our 
steam engines that are supplied from boilers wherein the Steatite 
Talc is used, work with less friction in the piston and steam valves. 
The surfaces of the cylinder and valve seats have attained an unpre- 
cedented polish; the stuffing boxes on piston and valve rods last 
much longer than before, and the engines work smooth, without any 
perceptible noise. We have therefore decided to continue the use of 
your Steatite Talc on our locomotives, and also to apply the same on 
all our stationary and portable engines. 

[Signed.] MARIE, 

Chief Engineer of the Paris, Lyons, and Mediterranean Railways, 

We have a communication from W. Milner Roberts, Chief En- 
gineer of the Northern Pacific Railroad, saying that an American 
analysis of the Steatite Talc has been carefully made, which corre- 
sponds exactly with the foregoing. 

The following from L. S. Young, General Master Mechanic of the 
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Gleyeland, Columbus, Cinoinnati & Indianapolis Railway, will illus- 
trate the large accumulation of scale with which some roads have to 
contend : 

Cleveland, Ohio, March 17, 1874. 

H. A. Towne, Esq: 

Dear Sib — In answer to some of the questions contained in your 
circular, I would say: I have been using Lighthall's Anti-Incrustator 
for the past ten months in one locomotive boiler as preventative. 
The boiler was thoroughly cleansed, had new fire box, and a set of 
new iron flues. After eight months' constant service on freight, I 
removed two flues from near the center of the boiler, and found 
them comparatively clean ; a thin soft scale, probably the thickness 
of paper, was all that was on them. The crown sheet and stays were 
all in good condition. In fact, there was no scale worthy of note 
upon any part of the boiler inside. At the end of ten months I 
again examined the crown sheet, with a like favorable result. 

The boiler is of the same construction as many others in use on 
this line, and has received the same treati&ent as all other boilers, 
excepting it has received about 4^ pounds of the Anti-Incrustator at 
each washing. 

With other boilers like this, that have run from twelve to fourteen 
months, we find it necessary to remove one-half or all the flues, 
crown bars, and sometimes the crown sheet, in order to clean them 
thoroughly. The flues will have a scale from one-eighth to three- 
eighths thick, and sometimes will be connected together in one solid 
mctss for nearly the whole length of the boiler. I am using the same 
preparation in two stationary boilers with apparent good results, but 
am not prepared to give you the figures at this time. 

I do not think it practical to purify the water before entering the 
boiler, nor is it possible to obtain rain water in sufficient quantities 
for lines with heavy traffic. If we could obtain rain water before it 
comes in contact with the ground we should have no trouble with 
scale in our boilers. 

[Signed.] Yours, etc., 

L. S. YOUNG, 
OenercU Master Mechanic, 

A large majority do not recommend the use of boiler compounds, 

but in the absence of a better remedy it is probable they may be 

used to advantage in some cases, providing the article will remove 

and prevent the formation of incrustation without injury to the 

> boiler. 

But a proper use of them, which will insure a clean boiler, would 
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inYolye considerable expense; first, on account of the cost of the 
article itself; and secondly, by reason of the difficulty of remoying 
the sedimentary deposit in the cylinder part of the boiler. If they 
are to be used at all. their introduction into the boiler must be fol- 
lowed up at regular intervals, and means provided for washing 
through the ^ont end with force pump until the sediment is all 
removed, and this physicking process must continue as long as water 
is used containing such impurities. 

Your Committee would not recommend the use of any compound 
until it has been submitted to a competent chemist (who, if desired, 
may be appointed by the railway company) for analysis, and the 
result must bear the testimony of said chemist under oath. 

BESEBYOIBS. 

Concerning the storage of rain water, we have the following from 
Mr. Charles K. Peddle, Superintendent of Motive Power and Ma- 
chinery of the Terre Haute & Indianapolis Bailway, in reply to 
Question No. 2 of the circular : 

<< Beservoirs have been formed on the western division of this line 
where the natural depression of the land and the surface drainage 
favored their location, and instead of putting a culvert through the 
embankment, it was made sufficiently wide to resist the pressure of 
the water safely, and puddled on the water side. Side ditches were 
made parallel to the track of sufficient capacity to carry off the water 
in case of an overflow. Last year a reservoir of this kind was made 
near St. Elmo, with a capacity of 5,000,000 gallons, and the land 
not being sufficiently depressed, was excavated by plowing and 
scraping, and the trestle in railroad embankment, which formerly 
afforded a passage to the water was filled up, and a surface of four 
acres is now covered with water to an average depth of four feet. 

'< The principal cost is the purchase of the land required. The 
work, when the location is suitable, is not very expensive. 

"The reservoir referred to cost: Land, $100; grading, $385; 
planking, $20; teaming, $100; total, $605. The land adjoining 
should not be tilled, but sown in grass, otherwise the water is liable 
to be muddy after rains." 
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Mr. W. A. Robinson, Superintendent of Machinery of the Great 
Western of Canada ; J. H. Setchel, of the Little Miami, and other 
leading Master Mechanics, recommend the use of reservoirs, while 
some do not believe it practicable. 

Your Committee is prepared to reiterate their favorable opinion 
of this practice, as expressed last year, and they believe it not only 
practicable, but entirely consistent in localities where the natural 
features of the district renders a sufficiency of water available. In 
order to find the required dimensions of reservoirs to meet the .de- 
mand of the traffic, it will be necessary to ascertain the excess or 
deficiency of the available rain fall for each month, after the de- 
mands for consumption, evaporation, leakage, etc., are deducted. 
The average evaporation is variously estimated from sixteen to 
twenty-six inches annually, that of the summer months being about 
double that of the winter ones. The amount of water Tequired for 
the supply of each engine can be approximately reached from the 
figures in the report of last yeat. Such reservoirs as that spoken of 
by Mr. Peddle, and to which particular kind the foregoing alludes, 
are so cheap and simple that no objection can be raised on that 
score. 

While the water from such a storage is unquestionably superior to 
well water for locomotive use, it can not be entirely free from the 
salts of the earth which underlie its bed, besides during a season of 
heavy rain and high water it must become more or less contaminated 
with mud and other floating impurities, all of which should be gotten 
rid of in some way before the water is taken into the boiler. An- 
other objection to the largo shoal reservoirs is the loss of water by 
evaporation, which may in some localities equal the rainfall itself ; 
but whenever the fall is equal to that in the Middle, Eastern, and 
North-western States, little fear may be entertained as to the success 
of this mode of storage. The average annual rainfall throughout the 
above sections, as near as we can ascertain, is about forty-one inches. 
The evaporation of deep water is considerably less than that of shoal, 
but we have not been able to find authority for the exact ratio of 
this discrepancy ; be that as it may, even ordinary reservoirs should 
be made as deep as possible. 

An ordinary reservoir, with a capacity of 5,000,000 to 10,000,000 
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gallons, for the storage of both rain and surface water, in a fayorable 
locality, like that represented in Sketch No. 1, furnished by the 
Committee, including two settling tubs or flooms, will cost not to 
exceed $4,000, and whenever the locality proves to be as favorable 
as represented, the water crain may be employed to the most eco- 
nomical advantage. 

Owing to the great loss of water by evaporation and percolation 
through the earth in reservoirs already referred to, and its contam- 
ination with impurities by reason of its direct contact with the earth, 
y^ur Committee are inclined to favor structures of a more substantial 
character, similar to that referred to last year. The same form, or a 
similar one, according to facilities afforded in the locality may be 
employed, but it should be scraped out to a considerable depth, say 
twenty to thirty feet, for at least the size of an acre, with a sloping 
surface leading to it, which will catch and maintain the supply 
required. 

According to the last report, with a rainfall of forty-one inches, a 
catchment surface of four acres every twenty miles would supply the 
heaviest traffic. i 

The surface may be puddled, tiled, brick or stone lined and 
cemented, or planked, according to circumstances. The expense of 
such a reservoir would range from $7,000 to $15,000, the excess or 
decrease depending entirely upon the size of the structure and ^he 
facilities afforded for its location. At terminal stations, where a 
large supply of water is required, it may be conveyed a long distance 
from such reservoirs, and prove far cheaper in the end than the use 
of inferior water from expensive wells. 

Your Committee still believe that the only certain and reliable 
mode of overcoming this evil is to purify the water before its i/?tro 
duction into the boiler ; and, from their investigations, viewing the 
case as it now stands, they are prepared to recommend the following 
general rules : 

Mrst, The purest water should at all times be selected. That 
which contains the least impurities which form incrustations, rain 
and surface water, is especially recommended whenever it can be 
gathered to advantage, and means provided for settling or filtering. 



46 

so as to prevent the deposit of mud and other floating impurities in 
the boiler. 

Second. Owing to the fact that no panacea can be found for all 
the incrustation diseases, it is evident that if it is to be cured by 
remedies at all, a diagnosis of each case must suggest the proper 
treatment. 

Third, That each railway company interested should submit a 
specimen of the various kinds of water along its line to an expert, 
who shall confine his examination to the deduction of the injurious 
substances, and not to the absolute purification of it, beyond the 
necessity of the case in question. For some years the Pennsylvania 
Bailroad, and also the Reading Railroad, have found it advantageous 
to submit the. water to an expert, who tests for certain things only, 
and frequently a well pronounced unsuited is abandoned, and one 
dug near by may prove better adapted to the purpose. Each case 
requiring a remedy must likewise bear its own testimony. 

Fourth, That a committee of ibree, consisting of two members of 
the present committee and a competent chemist, be appointed by 
this Convention to confer with one or more railroad companies with 
a view to a practical trial of both Dr. Rogers' and Dr. Clark's pro- 
cess of purifying water for locomotive use, the expense to be borne 
by the company receiving the benefit. 

Fifth, That reliable boiler compounds may, in bad cases of scal- 
ing, be used to advantage when the circumstances are such that the 
water can not be easily purified before entering the boiler. This 
treatment must be followed up with frequent and thorough washing, 
otherwise little if any benefit can be expected. 

Sixth, We find that roads which realize the greatest trouble from 
incrustation and mud advise the use of the mud drum. Mr. Peddle, 
of Terre Haute & Indianapolis Railway, thinks a hand hole, as rep- 
resented in Drawing No, 2, which he has used for some time, is 
equally as good as a mud drum and much cheaper, but your Com- 
mittee are inclined to favor the cast-iron drum now in successful use 
on the Hannibal & St. Joseph Railroad, as shown in Drawing No. 3 
on account of the benefit derived from the use of the blow-oflF cock, 
besides affording a convenient access to the boiler while undergoing 
repairs. 



Drawing No. 2. 
HAND HOUm Ur FBOHT OF BOZIiBH. 




J No. 3. 

MAN HOIii:, IfUD DBUU, AND BIiO'W-OFF OOCK, 




Id order to keep the cjlinder part of the boiler clean, the blow-off 
m\Kt be naed daily; also blow-onte in leg and other parts of the 
boiler ahoiild be kept in order and used often. Crown bars should 
hare at least one inch clearanoo above the sheet, and should be 
fastened without thimbles. 

We submit herewith (^Drawing No. 4) a good plan by L. H. 
Wangh, of the Kansas Pacific Railway, with description. 
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Drawing No, 4. 

SOIiID BAB. 
Mode of attaching Grown Ban as adopted by the Kansas Paciflc B. B. 




fDjgo[ga[go{Sla(o^o[g]ar?]c3c[g)aH 



When the ordinary skeleton or double crown bar is used, the sides are connected by 
pieces of iron or steel, about two inches square and % inches thick. This size, howey^, 
may be varied as circumstances may require. These pieces of iron or steel are located 
between the inner sides of the crown bar, about 1^ inches apart, and firmly attached to 
the inner sides of the crown bars by welding or otherwise, and extending through the 
length of the bars. In the center of these iron or steel connections are vertical screw- 
threaded perforations, about % inches diameter, and like perforations through the crown 
sheet, screw threaded and corresponding with the above mentioned holes in the bars. A 
headed screw bolt, threaded its entire length, is screwed through the crown bar and into 
the crown sheet, by which they are firmly held together. These bolts are properly headed 
and the heads rest upon square pieces of iron through which they pass. The lower ends of 
the bolts are screwed through the crown sheet, and extend into the fire box sufficiently to 
receive nuts on their lower ends, which nuts must be firmly screwed up to the sheet, or 
the ends of the bolts may be riveted in the ordinary way under the plate. When the 
crown bars are not constructed as above described, but of one solid piece of iron, the per- 
forations are counterbored from the bottom of the crown bar upwards to % inches from 
the upper side. The space from the upper side of the crown bar to the counterboring is 
threaded, as shown in the drawing, to receive the bolts. 

Our experience in this method of attaching crown bars to fire boxes has demonstiated 
that it is far superior to any heretofore used. Engines No. 11 (freight) and 17 (paasenger) 
have had the above described bars attached for over two years, and run 42,455 and tt,8M 
miles respectively, and show at this day (March 12, 1874) only a slight deposit of lotle, 
scarcely one-sixteenth (1-16) of an inch in thickness. In connection with the above we 
use the customary wash out plugs, placed on each side of the boiler just above the surface 
of the crown sheet. 

Yours respectfully, 

L. H. WAUGH, 
8uptirixUendmi ttf Maehkiitrji. 
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Owing to the exceeding length of this report, that portion of the 
subject pertaining to management of boilers will be deferred till an- 
other time. 



H. A. TOWNE, Northern Pacific, 

A. H. DeCLERCQ, International & Ot. North\ 

H. ELLIOTT, Ohio & Missmijypi, 

COLEMAN SELLERS, Philadelphia, 

T. W. PEEPLES, Central of New Jersey, 



Committee. 



HORACE A. TOWNE, Chairman. 

To the Oeneral Supervisory Committee: 

The following, a communication from Mr. Jas. M. Boon, of Pitts- 
burg, Fort Wayne & Chicago Railway, together with a sketch of a 
boiler designed to prevent the formation of scale, came too late to 
be embodied in the report on Boiler Incrustation. We therefore 
beg to submit his letter in full, and also recommend the publication 
of his newly designed boiler. 

H. A. TOWNE, 

Chairman of C<mmittee. 

Fort Wayne, Ind., April 16, 1874. 

H. A. TowNE, Esq., M. M. Northern Pacific B. R., St. Paul, Minn.: 

Dear Sir — The circular of your Committee on the " Manage- 
ment of Locomotive Boilers,' ' etc., came to hand, in answer would 
say: 

1. For a road doing a heavy business with a large number of loco- 
motives, I do not think it practicable to purify the water for loco- 
motive boilers, because the amount of water required is so great, 
and the time necessary to the process so long, that to make 
it a success the device for the purifying would have to be on 
80 large a scale and so expensive that but few roads would go 
to the expense. For a road with a small number of engines and 
doing a light business, I believe it would be economy to purify the 
water. The means to do so could not well be determined until an 
analysis of the water was made and the nature of the impurities 
developed. 

2. I consider it practicable to store rain water in reservoirs. The 
form of reservoir would depend on the formation of the country. In 

4 
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a hilly country reservoirs could be made by building a dam between 
two hills ; this would be the most simple and least expensive. If 
the hills had elevation enough the tanks could be filled without 
any other machinery than valve and pipe. Have no idea of the 
expense of a permanent fixture of the kind. 

3. I believe the use of rain water would entirely overcome the 
evil of incrustation. Even though the supply was not sufficient for 
continual use of the rain water, its occasional use would be very 
beneficial. 

4. I believe water can be purified by chemical and mechanicnl 
means, but doubt that it can be done so economically as to come into 
general practice. 

5. Have had considerable experience in the use of boiler com- 
pounds, and am fully satisfied that they are of no earthly use, and 
money spent on them is money thrown away. 

6. No new facts have been developed in the use of the naud drum; 
continue to use it, and believe there is an advantage in so doing. 

7. We wash the boiler out frequently with a powerful force pump. 
Every time the boiler is washed we put in one gallon of crude petro- 
leum before the boiler is filled with water. This crude oil will not 
make the boiler foam ; it will not prevent the formation of scale, but 
the formation will not be so rapid and will be more easily removed, 
the oil coating the iron. When the scale is formed the only way I 
know of removing it is to take the tubes out and clean them off, and 
put a man in boiler with pick to clean out. I know there is no 
failure in this plan of cleaning boilers and would recommend it. 

8. I send by express with this a drawing of our standard 
boiler. This boiler I designed to prevent the formation of scale 
as far as possible ; also to be convenient to get into to clean out. 
You will see the crown sheet is on an angle (this is not new, 
other boilers have been built in this way). My idea in, making 
them on an angle was that the friction of the water on the angle 
as it washed forward and back would have a tendency to wash 
the deposit off. The crown sheet is also rounded from side to side, 
being 1^ inches higher in center than on sides. There is one inch 
space between the bottom of crown bars and top of crown sheet. 
There are no washers under the crown bars ; the bolts are tapped into 
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crown sheet and screwed through the sheet and riveted on the 
inside of the fire box ; the braces, throttle, etc., are arranged so as 
to make access to the crown sheet very convenient, nothing being 
moved but dome cover — top of throttle valve and throttle gear dis- 
connected. Have had these boilers in use nearly two years; am 
well pleased with their performance ; the scale collects very slowly 
and is easily removed. 

MANAGEMENT OF STEAM BOILERS. 

1. I think the pressure should be limited to 120 pounds to the 
square inch. 

2. Think it is an advantage to provide boilers with water gauges. 

3. Have never used low water detectors ; would not recommend 
any that I have seen ; they have a tendency to make the man in 
charge of the boiler careless by relieving him of responsibility. 

4. Have had no experience with super-heaters. 

5. Have always used wood, have no experience with any other. 

6. Having had no experience, can not say. 

Truly yours, 

JAS. M. BOON, 

Master Meehanie, 

On motion of Mr. S. J. Hayes, Illinois Central Bailroad, the report was 
accepted. 

Mr. Sedglet, Lake Shore & Michigan Southern Bailroad — I wish to offer 
the following resolution : 

^^Besolvedf That the President appoint as early as possible a Committee on 
Subjects for Consideration during the coming year, and that any member 
having subjects to suggest present them to said committee before to-morrow 
at two P. M. 

The resolution was adopted. 

The President appointed as the committee under the resolution Messrs. 
J. Sedgley, Lake Shore & Michigan Southern Railroad; M. N. Forney, 
of the Railroad Gazette; and John Thompson, Eastern Railroad. 

The President — If at any time members have subjects to offer and can 
not find the Committee, if they will pass the papers to my desk I will see 
that they are received by the Committee. 

Mr. TowNE, Northern Pacific Railroad — Mr. President, I would suggest 
in regard to the discussion of this report that it be deferred until to-morrowy 
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on account of the fact that Mr. Joseph G. Bogers is here in person, and has 
a paper prepared on the subject which he would like to read before the Con- 
vention. He has also apparatus for making some experiments which will 
probably be more interesting if the discussion is deferred until that time. 
The attention of the members of the Convention will be drawn out afresh, 
and we will probably get a more thorough view of the subject. If there is 
any thing else to come before the Convention, I would move that this dis- 
cussion be deferred until to-morrow. 

The President — Please set an hour — say at nine o'clock [in the morning. 

Mr. TowNB — Yes, sir ; I accept the suggestion. 

The motion was then adopted. 

Mr. TowNE — I would inquire further if there would be any objection to 
the reading of that paper by Dr. Bogers. He is not a member of the Asso- 
ciation, but I intend to propose his name for membership. 

The President — I would state, Mr. Towne, that all correspondence on 
local matters to come before the Convention should be referred to the Super- 
visory Committee, according to the resolution adopted this morning. The 
next business in order, gentlemen, is the report of your Committee on Ma- 
chinery for Supplying Water to Tanks and Fuel for Locomotives. 

The Secretary — I would say, Mr. President, that I just let the Chair- 
man of that Committee have the report for the purpose of consulting with 
members of the Committee just arrived. 

The President — That being the case, the next business in lorder will 
be the report of the Committee on the Best Form of Safety Valve or 
Method of Believing Boilers from Overpressure, and the Best Way of 
Testing Pressure Gauges. The report is in the hands of your Secretary, 
who will read it. 

Beport of the Committee on the ** Best Form of Safety Valve 
or Method of Believing Boilers of Overpressure, and the 
Best Way of Testing Pressure Gauges." 

To the American Railway Master Mechanice* Association : 

Gentlemen — In reply to the Circular sent twenty-five answers 
were received, and these showed a considerable diversity of opinion 
in regard to the questions submittod. 

To the first question Mr. L. H. Waugh replied that he prefers at- 
taching both valves to the forward dome when the engine has two ; 
but a general preference was expressed for one lever and one direct 
spring valve located on the cover of the dome over the fire box. 

Those who expressed objections to lever safety valves, based them 
on their liability to be tampered with by the engineers ; their ten- 
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dency to rust and corrode at the joints of the lever, which causes 
them to stick ; an iDsufficient range of the spring by which the mo- 
tion of the valve is restricted, and the liability of the roof of the 
cab to interfere with the free motion of the rod on the end of the 
lever. 

The expression of opinion in regard to direct spring valves was, 
with few exceptions, in their favor. The grounds for this prefer- 
ence were stated to be their compactness and simplicity ; the quick 
relief which they afford to an excess of pressure; their prompt 
closing when the pressure falls, and the fact that they are or may be 
made independent of the control of the engineer. 

Mr. Wm. A. Robinson objected to them because " they become 
corroded from inaction.'' 

Mr. James M. Boon said " I have never observed any advantage 
in a direct action spring valve. The disadvantages are they, or all I 
have seen, are easily tampered with and troublesome to keep ad- 
justed when steam comes in contact with them. In my experience 
I have found that no spring will retain its stiffness when steam 
strikes or is in contact with it. I do not know what the action of 
steam on tempered steel is, but I do know that it will change the 
temper of the steel in a short time and finally destroy its elasticity." 

These objections will be referred to by your Committee in review- 
ing the subject. 

To the fourth question the answers were, with very few excep- 
tions, to the effect that no injurious lifting of water was caused by 
the use of the Richardson valve — this valve being selected because 
its sudden lift or "popping" is more violent than other valves. 

Mr. Reuben Wells said : " The effect of the popping can be but 
little different from suddenly opening the throttle valve, and it can 
be no more injurious to the boiler. The sudden popping has no 
visible effect on the steam gauge except a gradual fall of pressure 
until the valve closes again. A constantly varying pressure, es- 
pecially when it takes a wide range, is more injurious to the boiler 
than a sudden lifting of the valves or opening of the throttle, from 
the fact that boilers are not well braced on the flat sides. A * pop * 
on a dome will not materially affect the water level of the boiler if 
it has a proper amount of steam room." 
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To tlie fifth question the leplieB showed a oonsiderable diTeisity 
of opinion ; Mr. S. M. Fhilbriok being satisfied with two Talves, 
each two and one-eighth inehee diameter, while Mr, A. Gould pre- 
fers two Tslves, each four inches diameter. The general expression 
was for two valves three inches diameter, one a direct spring and the 
other a lever valve. 

To the sixth question the answers were mostly in the negative. 
Mr. Wm, Fuller sent a tracing of an improved Kichardson valve 
(JFi$- Wo. 1), but the improvement is in the mode of applying the lift- 
ing lever and the important features are undisturbed. Mr. Reuben 
Wells in his answer sent a, pen-and-iuk sketch of a conical seated 
valve with a three-quarter inch bearing face ; but this can hardly be 
called a modification of the Richardson valve, and will be referred to 
hereafter. Mr. J. L. White sent a pencil sketch of a valve with the 
seat beveled directly the reverse of the ordinary conical valve, and 
with a groove out in the seat which is nearly covered by an extension 
of the valve. No statement was sent of the action of the valve, and 
as the reply was received too late for the Committee to experiment 
with a valve of that shape no report can be made upon it. 

Figure No. 1. 

fOP VAIiVa AS AFFIiIED BT THB A. « Ot. 'W. B. B. 




With the sixth question the subject of safety valves terminates ; 
and, before proceeding to the other subject of inquiry, PressuTe 
Gauges, your Committee will review the answers and also give the 
results of a few experiments made to settle certain mooted points. 
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The objection of Mr. Boon to direct spring values — that the 
springs lose their elasticity by contact with the steam — can apply 
only to those valves, the springs of which are placed inside the 
dome, as steam escaping into the atmosphere does not exceed the 
temperature of two hundred and twelve degrees, and the springs are 
partially protected from the direct force of the steam by the valve 
itself. Neither does Mr. Kobinson's objection — the rusting and cor- 
rosion of the springs — hold good in the case of outside springs when 
the engine is in daily use. Several valves examined seemed to have 
their springs coated with a black enamel which preserved them from 
rust. But springs located inside, as in the Anderson valve, may be 
ultimately affected by a temperature as low as three hundred and 
sixty degrees — the temperature of steam at one hundred and thirty 
pounds pressure — but your Committee have no experience which 
will lead to such a conclusion. There is no doubt however that such 
springs rust and become coated with lime, and that this^ in the case 
of the volute springs of the Anderson valve, may cause friction and 
impair their elasticity. There is one other objection to the inside 
spring valves, viz.: the difficulty in grinding and adjusting them, 
as the dome cover requires to be taken off and the nuts are generally 
found so much corroded as to require splitting to remove them. On 

the other hand, a solitary argument may be urged in favor of this 
form of valve, the engineers can not get at them. 

It is supposed by some that an ordinary safety valve loaded with 
a dead weight, either directly or by a lever, will relieve a boiler of 
all pressure over and above the number of pounds per square inch 
at which it is loaded. 

This, however, is an error, and to demonstrate it an experiment 
was made with a shop boiler provided with a safety valve two and 
one-half inches diameter, with a conical seat of about three-six- 
teenths of an inch, the diameter of the bearing seat being two and 
three-quarter inches. The valve was loaded with a fifty pound 
weight placed at such a distance on the lever as to allow the steam 
to blow off at or near sixty-five pounds. 

The valve was in good order, and had been examined the night 
previous, and the pins at the joints of the lever had been taken out 
and cleaned of rust. The boiler was thirty feet long, forty inches 
diameter, with two fourteen and one-half inch flues, and a grate sur- 
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face of seventeen square feet. At the dinner hour the fire was not 
suffered to run down as usual, but was forced by using chips from 
the wood-planing machine, and the engine was stopped. 

The valve commenced blowing at sixty-three pounds, blew hard at 
sixty-four, and gradually went up to seventy-two and one-half 
pounds, beyond which it was found impossible to raise the pressure. 
The valve lifted eight-tenths of an inch. The area of the valve is 
nearly up to the requirements of the Committee of the Franklin In- 
stitue for a boiler carrying that pressure, viz.: -j^gJ^ of an inch for 
every square foot of fire grate. 

The only rational explanation of this increase in pressure, about 
sixteen per cent., appears to be this: As soon as an orifice is made 
for the discharge of the steam by the raising of the valve, the 
pressure in the vicinity of the opening not being confined on the 
sides ceases to press upward on the valve as it escapes into the at- 
mosphere. The higher the valve lifts the greater is the relative loss 
of pressure, so that the pressure must accumulate much higher in 
the boiler to maintain the valve at its proper height than the load on 
the valve. The effective lifting area of the valve appears to have 
been diminished by the amount of the area of the orifice made by 
the lift, which is -^^jf of an inch. The area of the valve is 4^^ of 
an inch. 

If we multiply this by the load per inch on the valve (sixty-three 
poupds), and divide by the area of the valve less the area of the 
orifice, ^^^ inches, it will make seventy-two pounds, the gross 
pressure nearly. This may only be a coincidence in this case, and 
not a law governing all similar cases, but would seem to be worth a 
more extensive and accurate investigation than your Committee has 
been able to give the subject. 

In order to determine what sized orifice would pass all the steam 
made in a locomotive boiler of average size, with a good fire and the 
blower applied at intervals, an engine was selected with sixteen by 
twenty-four inch cylinders and a grate surface of fourteen square 
feet, and the injector pipe was removed from the cock, screwed into 
the top of the dome, and a thin plate, having a five-eighth inch hole, 
was screwed fast to the end of the cock and made steam tight at the 
joint by a rubber gasket. This orifice was found to be insufficient, 
and was gradually enlarged by standard reamers one-sixteenth of an 
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inch at a time, until it was made fifteen-sixteenths of an inch in 
diameter, when it was found that the steam escaped as fast as it could 
he made, so that it was decided that an orifice of seven -tenths of a 
square inch would be sufficient. Every locomotive should have two 
safety valves, either one capable of passing all the steam possible to 
be made, in case one should be deranged, and the area of the discharge 
should not be less than seven-tenths of a square inch for each valve. 

We have shown previously that the ordinary dead weight safety 
valve will not relieve the boiler of steam as fast as it can be made 
without the pressure rising above the rated load on the valve. This 
is aggravated in all plain conical seated valves held down by a spring, 
either direct or by a lever, by the fact that the tension of the spring 
increases as the valve lifts. In general the larger the valve the less 
will this overpressure be, because- the valve is not required to lift so 
high to pass a given amount of steam, and consequently does not 
increase the tension of the spring so much, and because also the 
effective lifting area is larger in proportion to the escaping area, the 
area increasing much faster than the circumference as the valve is 
enlarged. So that for a valve of this kind four inches is better than 
a smaller diameter as preferred by Mr. A. Gould. 

With what are known as reaction valves, of which the Richardson 
is the best type, the case is different. In this valve the steam in es- 
caping strikes a curved rim on its outer edge and is deflected into 
another groove on the outer edge of the seat. This action and re- 
action of the steam lifts the valve higher than it would if it had an 
easy and straight-forward escape into the atmosphere. 

We have seen that an orifice fifteen -sixteenths of an inch diameter 
will discharge all the steam an ordinary locomotive boiler will make. 
A valve will pass over the seat all the steam or water which can pass 
through the orifice it covers if it lifts one-fourth its diameter, so 
that a large valve is not required when the lift is ample. 

A test was made with a Eichardson valve on the engine referred 
to previously. The valve had been in use for some time and had 
not been recently disturbed. In order to register the amount of the 
lift accurately, a light lever was attached to the dome cover at one 
end, and rested on the valve spindle a short distance from the end, 
while the other end was movable and made to range with a fixed 
scale laid off in tenths of an inch. In the experiment one of the 
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safety valves was ftatened dovra securely so as not to operate. The 
fire box vas filled nearly to the fire door with wood and the blower 
pat on. The valve weot off with an exploaion or "pop" at one 
hnndred and thirty-five pounds ; the steam fell rapidly to one han- 
dred and thirty pounds and the valve closed Buddenlj. This waa 
repeated several times with the Bame result. The valve lifted -^^ of 
an inch and gave an area of orifice of nearly nine-tenths of an inch ; 
abont two-tentfas of an inch larger than was actually necessary to 
discharge the steam. In making this and subsequent calculations 
allowance is made for the difference between the lift and the opening 
as fVom the angularity of the seat the opening is about three-tenths 
less than the lift. 
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From this experiment it would appear that Mr. S. M. Philbrick, 
who says that he uses the Eichardson valve, is not much out of the 
way in preferring a valve two and one-eighth inches diameter, as the 
regular Richardson valve, which passes twenty per cent, more steam 
than can be made, is only two and one-quarter inches diameter. 

The second experiment was tried on an engine, of same dimen- 
sions as the previous one, having one direct volute spring valve three 
and one-half inches diameter, and one lever valve three and three- 
eighth inches diameter, held down by a spring balance with a re- 
leasing apparatus. 

The lever valve was first fastened down and the fire box filled one- 
fourth with wood and the blower put on. The valve went off 
gradually at one hundred and twenty-four pounds, the pressure on 
the gauge went up to one hundred and thirty-six pounds, and there 
remained and could not be increased without additional firing. The 
boiler was cooled off and the valve closed at one hundred and 
twenty-four pounds. The lift of the valve was yj^^ of an inch, which 
gave an area for escape of ^g of an inch, a little less than two- 
fifths of the required area. 

This valve was then fastened down and the lever valve tried with- 
out the indicating lever, and the lift was measured on the balance 
case. The valve went off quietly at one hundred and thirty, and 
the pressure went up to one hundred and forty-five, when the fire 
was cooled down and the valve closed at one hundred and twenty- 
five pounds. The end of the lever only moved one -sixteenth of an 
inch ; but the valve no doubt sprung the lever as the opening due 
that amount of lift was too insignificant to pass the steam as fast as 
it did. Both these valves had conical seats with three -sixteenths of 
an inch bearing surface. 

The third experiment was on an engine same size as before, fitted 
with two Anderson valves (^Figure No. 2) three and one-half inches 
diameter, and held down by volute springs inside the dome cover. 
The outer diameter of seat was three and three-quarter inches, 
giving a conical bearing of about three-sixteenths of an inch ; fire 
box about one-fourth full of wood and blower put on — one valve had 
been fastened down. The steam commenced blowing gradually at 
one hundred and twenty-seven, went up to one hundred and forty. 
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and the fire was then cooled down when the valve closed at one hun- 
dred and twenty-five pounds. The valve lifted yj^ of an inch, and 
gave an effective opening of ^^ of an inch, not one-half of the 
opening required. 

Figure No. 2. 

ANDEBBON'B PATENT BAFETT VALVE, 

Beferred to by Committee. 




The other valve was then released, and with both valves at work 
the steam commenced blowing at one hundred and twenty- seven and 
ran up to one hundred and thirty-five, and remained at that pressure 
until the damper was closed and the fire cooled off when the valves 
closed at a pressure of one hundred and twenty-five pounds. It 
will be seen from this that the combined . valves were not able to 
prevent the steam from raising eight pounds with a light fire, and 
were not adequate to pass the steam which could have raised at an 
increase of pressure of thirteen pounds. 

The fourth experiment was made with a valve two and one-fourth 
inches diameter, but with a much enlarged conical seat, the outside 
diameter of which was three and one-fourth inches, giving a bearing 
of three-fourths of an inch. Only one-eighth of an inch of this 
was allowed to bear on the seat ; the balance, from the seat outward, 
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being tamed off so as not to touch. A sketch of this val^e was 
sent by Reuben Wells, who has such yalyes in use. The valve was 
held down by a spring same as Richardson's. 

The conditions being same as before, the valve went with a " pop " 
at one hundred and twenty-five ; the pressure rose to one hundred 
and thirty-one, and was stationary at that point until the fire was 
cooled off and the valve closed at one hundred and thirteen pounds. 
Another trial gave one hundred and twenty-six, one hundred and 
thirty-two and one-half, and one hundred and thirteen pounds at the 
respective points. 

At the last trial the valve lifted yjj of an inch, giving an effective 
discharge area of nearly four-tenths of an inch, a little over one- 
half the amount required to pass all the steam which could have 
been made. The valve was put in the lathe and on6 thirty-second 
of an inch taken off the beveled face outside of the bearing portion ; 
it was then put back and a trial was made, same conditions as before ; 
valve went off at one hundred and twenty-two, pressure ran up to 
one hundred and thirty-five, and the valve closed at one hundred and 
sixteen pounds. 

The beveled face was then turned entirely off down to the bearing 
face of three-sixteenths of an inch, and on trial the following was 
the result, the conditions being the same as before : Yalve lifted at 
one nundred and seventeen, the pressure went up to one hundred 
and thirty-five, and the valve closed at one hundred and fourteen 
pounds. The lift in the last trial was y^a ^^ ^^ inch, somewhat 
less than the previous one. 

The fifth experiment was made with two valves two and one- 
fourth inches diameter (^Figure No. 3), made with a square recess 
outside the conical seat, on both valve and face, and held down by a 
coiled steel spring. This valve has been in use for some time on the 
Terre Haute & Indianapolis Railroad, and was supposed to be an 
improvement on the Richardson valve. With both valves in opera- 
tion, and a good fire aided by the blower, the two valves went off 
simultaneously at one hundred and twenty-eight, the pressure rose 
to one hundred and thirty-nine, and fell to one hundred twenty- 
two pounds, when the valves closed after the fire had been cooled 
down. 



Figure No. 3. 

T. H. « I. B. B. SAFETY VAIiVE. 




Lift of each valve was -j^g of an inch, making discharge area of 
both valves barely sufficient to relieve the ^oiler if the fire had been 
forced. The valve was voted " not an improvement on the Rich- 
ardflon." 

The sixth and last trial was made with a valve made bj Case & 
Baillie of Detroit. This valve is two and one-fourth inches diam- 
eter, and has &Jlat seat with a slight bevel given to the outer edge 
of the valve, which is two and three-fourths inches diameter. A 
screw thread is cut on the outer rim of the seat, and a collar or false 
seat, which is cut open at one place and held together b; a clamping 
screw, is screwed down upon it so as jnst to clear the valve. In ad' 
justing this valve the collar is raised until it touches the valve, and 
it is then run down a quarter tarn and the clamping screw set np 
tight with a BcreW'driver. 

With about one-third of a wood fire, and the other conditions same 
as before, the valve went ofi'with a "pop" atone hundred and ten, and 
tlie pressure went op to one hundred and twenty-five, and remained 
stationary at that figure. The fire was then cooled ofF and the valve 
closed at one hundred and seven and one-half pounds. 

The valve lifted one-tenth of an inch; and if no account is 
taken of any contraction caused by the beveled collar, which is an 
uncertainty, the area of the discharge orifice will pass all the steam 
which can be made at an increased pressure of fifteen pounds. 
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This closes the experiments made, which demonstrate conclusively 
that the Kichardson valve alone of those tried fills the requirements 
of a good safety valve in promptly reducing the pressure after it has 
exceeded a certain limit, instead of allowing a dangerous accumula- 
tion, the fault of many other valves, and also in promptly closing 
without allowing an undue waste of steam. There is one objection, 
however, inseparable probably from valves of this kind, and that is 
the infernal din which accompanies its sudden discharge of steam, 
which makes this valve a nuisance and a terror in towns and villages 
and particularly in passenger stations. 

Your Committee has no knowledge of the Ashton or the Prescott 
valves (Figure No, 4) referred to by some of the members, and 
consequently are unable to report upon their merits. 

Mr. Wm. S. Hudson sent a tracing of a direct spring valve, (JF^ig- 
ure No. 5) with a hemispherical seat, and a novel sealing arrange- 
ment for the prevention of tampering with the nuts by unauthorized 
persons. This and othep tracings are appended to this report. 
There did not seem to be any feature in the valve which would pro- 
duce better results than the plain conical valve, and therefore it was 
not deemed best to try any experiments with it. 

In taking leave of this subject a few suggestions, prompted by the 
investigations made by the Committee, will not be out of place. 

All safety valves should have brass seats as a safeguard against 
rusting and corrosion. When two plain seated valves are used a less 
diameter than three and one- half inches should not be allowed. 
Lever valves with such spring balances as are frequently furnished 
by engine builders are not safe, and are a delusion and a snare to 
those who trust in them. Valves with springs inside the boiler are 
not advisable. Non-tampering arrangements should be used on all 
direct spring valves. 

PRESSURE GAUGES. 

Three questions were propounded in the circular of the Committee 
relating to pressure gauges. To the first one, "What is your 
method of testing pressure gauges? a large majority replied, "By 
the ordinary hydraulic pump and test gauge." 

Messrs. W. A. Robinson and A. Wilson use a mercury column, 
but give no details of the apparatus. 



Figure No. i. 
PEBSCOTT'B BAPBTT VADVD. 




Figurt No. 5. 

I.OOK>nP SArBTX TADVE. 

(Sogen LocomotlTe and Machine Coiopany.) 




Mr. W. S. Hudson uses and highly reeommeDds-a testing machine 
(^Figure No. 7) provided with steelyard aod scale weights, made by 
Davis & Co., New York City, a drawing of which is annexed. 

Figure No. 7. 

DAVIS & CO.'B TSSTINQ UAOHINSI. 




Mr. T. W. Peeples tests his gauges "at intervals of four weeks by 
record;" Mr. Wm. H. Ellis at "intervals of one month," and Mr. 
William Fuller "every three months." The remainder generally 
■ report that their practice is to teat a gauge when the engine to 
which it is attached lies in for repairs, or when it is reported by the 
engioeer, or when there is reason to suppose that it requires adjusting. 

In reply to the ninth and last question, "What make of gauges 
gives you the best satisfaction ? and state the advantages of the 
same," the expressioDS of opinion were about equally divided among 
the various kinds of gauges in general use. 

Mr. N. E. Chapman, however, said: "I am nnable to give any 
decided preference to any of them, as they all, or at least the several 
kittds I have used, give us a great deal of trouble. We find one 
that seems upon trial to give good satisfaction ; but after using them 
awhile they begin to give a great deal of trouble, require ooutinual 



68 

repairs, and very little dependence can be put in them, and nnless 
they are accurate I consider them of little use." 

Mr. E. Wells was of the opinion that '^all are so nearly alike that 
I can not tell any difference — all are poor enough." 

Mr. J. M. Boon said: "I have used nearly all the different 
makes of steam gauges, and see but little difference in any of them. 
I do not permit the engineers to carry steam by the gauges, and 
have never seen one that I consider perfectly reliable. Steam must 
be carried by the spring balance and lever, and the gauge used to 
regulate the fire by. I know this is differept from the general practice, 
but am satisfied that it is the safest. I have known gauges to cease 
to work from water depositing sediment in them ; from springs, both 
gum and steel giving way; from pipes freezing, and from many 
other causes by which the gauge would show greater or less pressure. 
I beueve that the safety-valve lever, with a good spring balance 
permanently secured, without any fixtures for letting off steam or 
pulling down, to be the best and safest arrangement that can be 
made to carry and regulate the steam on a locomotive boiler." 

In addition to the circular to the members of the Association, a 
letter was addressed by the Secretary to each of the prominent 
makers of steam gauges, requesting such information in regard to 
the manufacture, operation, and mode of testing their gauges as 
would be of service to the Committee in making out a report. A 
few responses were received containing the desired information, and 
also a few advertising circulars, of which no use could be made by 
the Committee. 

A very brief description will therefore be given of the several 
gauges in general use, and we will endeavor to point out the defects 
which are developed after a lengthened use, rather than to show up 
the good points claimed by the manufacturers. 

The pressure gauge is one of those valuable, and now considered 
indispensable, appliances which have been added from time to time 
to the locomotive engine, and which have made the work of the 
engineer so much safer and less laborious than it was a quarter of a 
century ago, when, as many of you will remember, k single-lever 
safety valve, held down by a well-worn Salter's balance, which, when 
the occasion called for it, was screwed down " solid," was the only 
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check or safeguard which the engineer had against overpressure 
in his boiler. Your Committee therefore put in a plea for this useful 
appendage to the locomotive boiler, and do not think that it 
deserves the wholesale condemnation of the experienced men whom 
we have recently quoted. 

No one, however, who has been through a railroad master me- 
chanic's store room, and seen the pile of rejected pressure gauges 
usually found there in all stages of debility, can deny that a great 
many worthless gauges are made and sold ; and when it is borne in 
mind that the most of these cheap gauges find their way to the mills 
and agricultural machinery in the rural districts, can there be any 
wonder that s(k many wiys^ertow« explosions occur? 

Pressure gauges, like clocks and watches, sometimes get out of 
order and require frequent and systematic testing and correcting, and 
occasionally a renewal of their wearing parts. A first-class gauge, 
and there are such, rarely requires renewal of the part exposed to 
wear. A poor gauge requires it continually, although at first it 
made a good record. 

The steam gauges in use in this country may be divided In four 
distinct varieties, according to their plan of construction. 

The Bourdon gauge is the oldest and the first variety noted. In 
the construction of this gauge advantage is taken of the tendency of 
a curved flattened tube, closed at one end, to straighten out or uncoil 
when the pressure enters it from the open end. Accordingly the 
tube is connected with the supply pipe and the case at one end, and 
the other allowed to play loose, but is connected by a rack and 
pinion to the hand or pointer. This makes a very sensitive and 
accurate gauge for certain purposes, but aftei* extensive use on loco- 
motives the following defects show themselves : The jarring motion 
of the engine causes the loose end of the spring tube to vibrate con- 
tinually, and this in turn makes an increased disturbance of the 
band, so that it is difficult to read the correct pressure on the dial, 
and the rack and pinion are worn out by this constant movement. 
The internal surface of the tube is soon coated with a deposit from 
water containing lime, and this accumulates and destroys the elas- 
ticity of the spring. The water in the spring has been known to 
freeze in cold weather and burst the tube. The constant vibration 
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of the spring tube, combined with the effects of high pretSsure, cracks 
it on the edge, and as it is impossible to repair it without affecting 
its elasticity a new one is necessary, and the gauge must be sent 
back to the maker. 

The American Steam Gauge Co. manufacture what they consider 
an improvement on the original Bourdon gauge. In this gauge, which 
is known as "Lane's" improvement, the tube is fastened to the case 
and the supply pipe at the center of its length, and the turned up 
ends are both allowed to move, and are connected to the hand by a 
lever in such a way as to avoid oscillation. It is also claimed that 
no deposit of lime takes place in the tube, as there is no lodgment of 
water in it. The liability of the brass tube to give wjy on the edge 
seems not entirely to be done away with. 

The "disc spring" variety of gauge comes in for a notice. The 
Shaeffer & Budenburg gauge, we believe, is the original type of 
gauges of this construction. A corrugated circular steel disc is held 
fast by its outer edges between flanges, and the pressure on the disc 
moves a rod which is connected to the hand by a quadrant rack and 
pinion movement. This gauge, no doubt, has been much improved 
in the details to enable it to compete with more modern gauges, but 
one of your Committee has a lively recollection of the brief and un- 
fortunate career of a number of them, which were placed on a West- 
ern road some eighteen years ago. 

The great difficulty with this and all disc spring gauges is to get 
steel or brass of the right temper to stand the great pressure on the 
disc without bending or cracking. In addition to the severe strain 
on the steel plate it was exposed to rust and corrosion, which also 
assisted in destroying it. This is prevented now by plating with 
silver, nickel, or some cheaper non-corrosive metal. 

The Blake and Post & Co. gauges are of this variety, and have 
the disc placed vertically inside and against the back of the case. 
They differ from each other only, we believe, in the form of the cor- 
rugations given the steel disc, and in some details of manufacture. 
In the Blake gauge the steel disc is corrugated spirally^ and in the 
Post & Co. gauge, radially. The object of both is to give increased 
elasticity to the spring and lessen the tendency to crack. Both 
claim that they are very particular in selecting the best of steel for 



71 

these springs, and exercise great care in hardening and tempering 
them, as the durability and accdracj of the gauge depend in great 
measure upon the behavior of the springs. Instead of rubber a lead 
gasket is used between the outer edge of the spring and the bearing 
surface in the case, and a follower is screwed down on it with 
a long wrench. The gauges are subjected to a very severe 
test by heat and pressure before being finished and put upon the 
market. 

The Eelfield gauge has a disc spring made up of three thin plates 
of brass, held together and to the back of the case by screws. The 
plate on the pressure side is solid, the next one has a small circular 
hole in it, and the third a still larger hole — the intention, doubtless, 
being to strengthen the spring on the outer portion of it where it 
would be most likely to fail. A rack and pinion movement turns the 
hand. In practice it is found that, when the pressure acts on the 
disc, there is a slight movement of the plates one over the other, and 
that this in time is interfered with by an accumulation of dirt or ver- 
digris, which causes friction and deranges the adjustment. The 
plates also receive a permanent set from the great pressure which 
acts on them. 

As before stated, it is difl&cult to get brass of the right temper for 
springs exposed to severe strains such as disc springs receive. That 
there is a great want of uniformity in the spring brass used is shown 
by the very contradictory results obtained from gauges by the same 
maker at different times. 

The " Wooten " gauge is somewhat similar to the Belfield gauge, 
and has a single brass plate of larger diameter. These gauges fre- 
quently give out at the soft solder connection between the disc and 
steam pipe, and the remarks just made will apply to it also. 

The gauges of Brown Bros, and the New York Recording Gauge 
Co. are of the disc spring variety, but the Committee know nothing 
abopit them. 

A third variety of gauges is that in which the pressure is trans- 
mitted through a rubber- cloth diaphragm to a plunger, lever, or 
spring which transmits it ultimately to the hand. 

In the Ashcroft gauge the pressure acts through the rubber 
diaphragm upon a plunger working against a volute spring, which 
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works against an elliptic spring in the case. The moiion is trans- 
mitted to the hand by a chain movement. The defects of the gauge, 
after use, appear to be mostly caused by the considerable motion of 
the plunger and rubber packing, causing the latter to leak )h a 
short time ; and this causes the volute spring to rust, and its elas- 
ticity is soon impaired, as shown by the gauge failing to record cor- 
rectly. Nickel plating would partially correct this evil. 

The Eastman gauge has a rubber diaphragm, acting on a lever at- 
tached to a spiral steel spring, working a rack and pinion movement. 
There is considerable vibration of the hand when in use, and the 
machinery is heavy and cumbersome. On the other hand the gauge 
is easily and cheaply repaired by a common hand, if the peculiar 
rubber used is obtained from the maker, and there is no delicate 
and expensive machinery to be renewed. 

Holt's Cleveland gauge is worked with a large steel hoop spring, 
made fast to the inside of the case, unexposed and not liable to rust. 
A brass plunger resting on a rubber diaphfam is made fast at its 
upper end to the spring and to a lever which works the chain move- 
ment. The plunger has a motion of only one-sixteenth of an inch 
to turn the hand to the highest point of pressure on the dial ; thus 
there is very little wear of the packing. The spring being of lib- 
eral dimensions and of a good form to develop the most elasticity 
does not break or lose its set ; if found at any time too heavy a sim- 
ple adjustment is provided by moving a slide. The rubber is the 
only part which requires renewal, and will not last more than two or 
three years, but as this is inexpensive it is not a serious objection., 

The Allen gauge is worked by a volute spring similar to the one 
on the plunger of the Ashcrofb gauge. Movement, rack and pinion. 
The objection to the latter gauge, the rusting of the spring, applies 
also to this ^auge. 

The fourth and last variety of gauges is the " Drum Spring/* 
gauge. Two brass discs are connected on their outer edges by a 
circular ring, the pressure forces the disc apart and a combined 
movement of the two plates is the result. The Buffalo gauge is the 
oldest and best known specimen of this variety. Two discs of 
spring brass, about one and three-eighth inches in diameter with a 
one-eighth inch ring interposed between, are riveted together near 
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the out^r edge, and steam is introduced into this drum by a pipe in 
the center of the lower disc. The movement is taken from the upper 
disc of the drum by a cranked lever and transmitted to the hand b^ 
a rack and pinion. A spiral brass spring draws back the lever. 
Good material for the spring is everything in this gauge. If the 
spring retains its elasticity the gauge is a durable one. They occa- 
sionally fail, however, by reason of the cracking of the disc. 

The Utica gauge, the only other gauge of this variety, has a drum 
spring larger than the Buffalo gauge and corrugated on the faces. 
The two discs are held together by a thin ring of the same material, 
which is flanged over on them and unites them without the use of 
rivets. The gauge is well made, and has a rack and pinion move- 
ment. The remarks as to the material used apply to this gauge as 
well as the Buffalo gauge. 

This closes a cursory and very imperfect review of the construc- 
tion and defects of the principal gauges in use. 

The principal manufacturers use a forty foot mercury column. Mr. 
R. C. Blake sends a tracing of his apparatus with a description (Fig- 
ure No. 8), and the Buffalo Steam Gauge Co. also send a report of 
their testing process, both of which are appended. 

Description of B, C, Blake* s Mercury Column, 

A, water cistern ; B, pressure pump ; C, one of the mercurial cisterns of which thej are 
six ; D, seven glass tubes each one 7 feet 6 inches long ; E, supply pipe receiving water from 
pump and distributing same through water pipe at F ; G, cast-iron base in which glass 
tubes are cemented, also iron pipes which convey mercury from cisterns below up through 
glass tubes ; G also serves to connect pipes F with supply pipe E, thereby furnishing the 
same pressure throughout all tubes for first forty pounds. When the first forty pounds are 
attained the stop cock on top of cistern, C, is shut and the pressure continued till forty 
pounds more are attained when stop cock at F is shut off. This process is continued to last 
column, which column is forty-five feet high. H, outlets for gauges requiring to be tested. 

Buffalo, March 1, 1874. 
To the Committee of Maater Mechanics on the best plan for testing Pressure Gauges : 

Gentlemen — Your circular to our firm asking our experience and 
process of testing steam gauges at hand. 

Although considering the mercury column that represents one 
pound per square inch to 2.04 inches height of mercury, is the 
standard for pressures, yet we do not depend entirely upon that for 
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perfect tests, we using in conDection with a mercury column tlie 
following device : 

We have *^ a plunger attached to a force pump, working free, 
without friction, to that we attach a lever like a scale heam; all 
resting on a " Y," or knife edges, and perfectly balanced by counter 
"weights. 

On the outer end of the lever we attach a rod to receive the 
weights, similar to a Scale, which are uniform in weight to a dram. 

In addition to this we attach to the end of the lever a hand move- 
ment like a gauge, which indicates the movement of the beam. In 
working the test water is forced under the plunger by the pump until 
the lever is raised off the seat and the indicator is moved to the 
proper point — this point is worked on the dial of the gauge. In 
our plan every pound weight applied works ten pounds. Another 
weight is applied and raised to the same position and continued until 
the number of pounds, pressure to the square inch required is 
reached. The diameter of plunger, length of lever, and fulcrum 
must correspond to get the weight or pressure per square inch, and 
in every test it will always be accurate for each weight applied. 

This machine, in connection with the mercury column, we use for 
regulating test gauges, and has the opinion of scientific men as to ' 
its accuracy. 

We find but slight variation from tests by our mercury column 
and the above process, and only then in cases of impurities of the 
tube or variation of the temperature of the air. 

Yours very truly, 

THE BUFFALO STEAM GAGUE CO., 

Kay, Marvin & Ham. 

In conclusion, your Committee recommend that all steam gauges 
in use should be tested at least once in two months, and a record 
kept of the same. The best instrument for that purpose is a mer- 
cury column. If that luxury can not be indulged in, a very good 
substitute will be found in the steelyard testing apparatus, made by 
the New York Steam Gauge Co., or a similar apparatus ; and if the 
ordinary test gauge and pump is adhered to — and every important 
railroad repair shop should have one of these appliances — then we 
recommend that the test gauge be sent once in a year, at least, to the 
maker for adjustment and correction. 

We have endeavored to point out the good and bad qualities of 
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the safety valves and pressure guages in general use, without fear or 
favor, and with an eye single to the benefit of the great interest 
which this Association represents. If we have succeeded in awaken- 
ing an interest in a matter too much neglected we will have accom- 
plished our purpose. 

Eespectfully submitted, 

CHAS. R. PEDDLE, St L„ F., T. H. & Indiana ) 

W. E. RAY, Toledo, Wabash <& Western, [ CommUUe. 

S. KEELER, Flint & Fere Marquette, J 

On motion, the report was received. 

Mr. Robinson, Great Western Railroad — Mr. Presidejfit and gentlemen, 
being a member of the Supervisory Committee I have learned, in the coarse 
of the business, that there is a large number of reports to come before the 
Association and that those reports are rather extensive, and we shall prob- 
ably find before we get through that they are a little more extended than 
most of us care for, still we must listen to them because there is no other 
means of thinning them down, with the exception of doing so in our own 
brains; and from the action of the Supervisory Committee I am quite sure 
that they will find it necessary to urge upon the Convention an extra session 
and for that reason I rise to propose that this session shall be as early' 
as possible .in the course of our business, and I ask to offer this reso- 
lution : 

Resolved, In view of the importance of the subject of the Mechanical Lab- 
oratory, and the length of the report and papers of the Committee on that 
subject, that a special session of the Convention be held for its consideration 
this afternoon from 3.30 P. M. to 6 P. M., in the club room of the Sherman 
House. 

Mr. Robinson, Great Western Railroad — It is a wet dav, but I do not 
think our members will object to the day because other days might be finer, 
and as we are none of us too tired I think this afternoon would be a very 
good time to select for this session. I therefore take great pleasure in mak- 
ing the proposition. 

The President — You have heard the resolution ofiered by Mr. Robinson; 
are you ready for its adoption ? It is impossible to meet in this hall this 
afternoon after two o'clock, and the proprietors of the Sherman House have 
tendered us the use of the club room, which will seat quite a number. 

On motion, the resolution ofiered by Mr. Robinson was adopted. 

The President — When we adjourn, then, we adjourn to meet at half-past 
three in the club room of the Sherman House. I hope every member will 
be present. The next business in order is the discussion on the report' which 
you have just heard read. 



77 

Mr. Coleman Sellers, of Philadelphia— Mr. President, the report just 
read is one of great inter^t to me. It treats of a subject that I have had 
under consideration for many years. There are two or three points to which 
it alluded about which I should like to make one or two suggestions. In the 
first place the present kind of safety valves. that it seems to recommend, those 
patented valves and lock-up valves, which they say open witli a loud noise 
or explosion. There has been a great deal of complaint made by owners of 
horses who have had them badly frightened by them. Mr. Tillman, the 
inventor of the valve, told me a short time ago that he had been experi- 
menting upon the means of stopping the noise, and he found thai, by putting 
a perforated plate over the top of the valve, and having the perforations of 
sufficient size to allow the steam to escape readily — exactly the same that you 
have over a pepper box — the difficulty was entirely obviated, that it escaped 
into its chamber and then came out freely with the operation of the safety 
valve which was not interfered with at all, and that there is no explosive 
noise. In regard to pressure gauges, which the report speaks of, the rusting 
of the springs and the use of nickel to obviate that difficulty, I would like to 
caution the members about the use of nickel plate as a preventative of rust. 
In all composition of metals, whether it be silver, or gold, or anything else, 
by the electrical process the metal goes down into the base heavily or softly. 
Some metals may be softened by burnishing ; the harder metals can not be. 
Nickel is a very hard metal, and there is a free communication from the 
atmosphere through this crystalline metal into the metal below, and in very 
many cases where metal has been so coated the metal below is found to rust 
almost as freely as if it had not been plated. There is a patent — I don't 
remember who the patentee is — for the union of wrought iron and cast iron 
by the process of casting, by nickel plating the wrought iron and then run- 
ning the cast iron upon it. Some time ago, having occasion to cast some 
tubes in a large caster for rolling-mill purposes, I proposed to try this. The 
tube was carefully filed all over, and thoroughly nickel plated. It was 
placed in the mold, to have the metal run over it, and in less than twenty- 
four hours in the damp sand it rusted just as badly as if it had never been 
coated with nickel at all. The experiment was tried, some time ago, in 
regard to plating cutlery, and a large establishment in New England manu- 
factured some very beautiful table cutlery, nickel plated, and the whole of 
that table cutlery rusted in the stores, so that they took it back themselves 
and refused to put it upon the market. I mention this fact as a caution 
against trusting to a crystalline metal that can not be rubbed down or 
burnished. 

Mr. ToWNE, Northern Pacific Railroad — Mr. President, I would inquire on 
on the subject of safety valves for any evidence of the rusting of the Anderson 
valve. We have them on all the Northern Pacific engines, and I have never 
discovered anything of the kind. My experience, however, has been with the 
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Kichardson valve, and I have always been rather inclined to favor that in 
preference to any other. The Anderson valve has been used on the North- 
ern Pacific, and so far I have not found any trouble with it. It relieves the 
pressure very freely, very much more so than the Kichardson valve, and I 
have failed yef, to find any difficulty with them or any rusting of the spring. 

Mr. C. R. Peddle, St. Louis, Vandalia & Terre Haute Railroad — Mr. 
President, I have examined quite a number of these valves in the coarse of 
these investigations, and I find that this rusting does take place, not only 
rusting, but the limestone water corrodes on the leaves of the spring, and 
interferes with its action, and I find it is almost impossible to get the rust 
ofi' after a long time of use; but with the valve itself there is no trouble. 
The valve, I believe, generally has a cast iron seat and a brass back, and I 
do not think there is any trouble about the seat, but with the spring there is 
trouble. With regard to the action of the Anderson valve, and all those 
plain seated valves, we made an experiment which is a severe test to the 
valve ordinarily. When that safety valve goes off the engineer or fireman 
use every means to reduce the pressure; and in the experiment we tried 
we forced the fire and put the blower on and kept it on with a good fire in- 
side the fire box, so that it was a very severe test. We found in this one 
case I refer to, that it would require an opening fifteen-sixteenths of an 
inch in diameter to pass the steam that would be made in an ordinary 
boiler, and we considered, with that as a basis, that it would equal about 
seven-tenths of a square inch ; and any valve that would not raise seven- 
tenths of a square inch we did not consider safe. The only valve that did 
answer that purpose was the Richardson valve, which exceeded it — ^I think 
it was nine-tenths. The experiment was with one valve only, and that 
was an old one which had been in use for some time, and there was 
no particular care taken to prepare it for the purpose. I think it 
was a very fair experiment. I never knew the pressure yet to increase 
over the pressure at which the valve was set, and I do not know of any 
other valve but what will do that. I do not know of any plain seated valve 
but what the pressure will require you to decrease your steam some ten or 
fifteen pounds below the pressure rates. 

Mr. Robinson, Great Western Railway — Mr. President, I would like to 
state that I am very much pleased to hear what Mr. Coleman Sellers has 
told us about the covering of the Richardson valve. That, I think, has 
come to be a most important question. I believe that the Richardson valve, 
as it now exists, without this covering is not only a nuisance but it is a 
disgrace to Master Mechanics ; but with that improvement it may be all 
that is claimed for it. I speak of this improvement because I have met 
with ladies who have expressed themselves as being half frightened to death 
by that Richardson valve, and because of the number of vehicles and wagons 
that have been destroyed by horses having been frightened. I think 
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this is quite sufficient a cause for us to make sOme improyement ^n 
this direction, and therefore it is with very great pleasure that I have lis- 
tened to these remarks ; and I hope it will be regarded in such a way that 
all Master Mechanics having that valve in use will take due notice of the 
fact. I was reading about the Abyssinian war while riding on a railroad, 
an4 afterward I think I must have been dreaming about it because I 
was suddenly awakened at the time. The day was warm and the night 
was warm, and there was a freight train passing the window, and suddenly 
this valve went off, close by, and I thought I was killed. On another occa- 
sion an old lady in a sleeping car was woke up in the same way, and she 
screamed right out in the car. Now such noises are a disgrace, and any 
thing that scares people certainly is not right. It is our duty to comfort 
people in our vocation and try to make railways what they are designed to 
be, a comfort and an aid to progress. The Committee, I do not think, have 
very specially mentioned a valve we have in use on the Great Western 
Railway. I do not say much for that valve — no more than I think it is 
worthy the attention of those people who have not adopted any partic- 
ular kind. It consists of two columns with a spring between the two, a 
spring being attached to a lever on the top of the two columns. This valve 
is in use on a large number of railways in Europe. I have brought a 
tracing of it as it is in use for the purpose of bringing it before the Master 
Mechanics who choose to take notice of it. It has been said that this valve 
is patented ; I do not think it is in America at least. It therefore is free 
for the use of anybody who considers it worthy of their attention. I may 
say, that as far as it hks been tried on the Great Western Bail way, it has al]^ 
the advantages claimed for the Kichardson valve, besides I do not think I 
have ever noticed a boiler increase in its pressure over one and a half 
pounds, and certainly not over the two pounds of the pressure indicated in 
consequence of having any kind of lock-down arrangement in the valve 
itself. This valve is so sensitive that it does not allow the steam to exceed 
a pound and a half over the stipulated quantity ; it also allows all the super- 
abundant steam to escape, and we find it working very economically. It 
costs little or nothing at all for repairs, I think I may safely say. T^e 
valve may run ten years and want nothing done to it. If you have fifty or 
a hundred locomotives you probably may have to replace one spring. The 
spring is not exposed to any amount of steam, as it lays j^elow the escape 
of the valves, and is therefore in a position where it has free action and is 
in sight of the driver where he can always see its condition ; and what is 
more, the driver can scre^w down the valves or place more steam in the 
boiler. That is allowed in consequence of the arrangement of the lever, 
which is so peculiar that if he either lifts it up or bears it down it allows 
the steam to escape in the same way, just as much one way as the other. 
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This tracing is here /or the use of the Convention, and will be left for that 
purpose. 

Mr. Peddle, St. Louis, Vandalia & Terre Haute Bailroad — I would ask 
Mr. Eobinson if the tracing gives the shape and diameter of the seat? 

Mr. Robinson, Great Western Bailroad — It does. It gives all the par- 
ticulars. 

Mr. Peddle, St. Louis, Vandalia"& Terre Haute Bailroad — ^I can not see 
any advantage that that valve would have over any other plain seated valve. 
A plain seated valve, working with a lever, will increase the steam from 
eight to ten pounds per inch before it would relieve an increased pressure. 
I would ask Mr. Bobinson, in the case of the pound and a half increase of 
pressure he refers to, whether the fire had been forced or not? 

Mr. Bobinson, Great Western Bailroad — Whether it is any advantage or 
not I do not say, but I say in our experience that it has been sufiSciently 
successful to have the advantage that I claim for it; and when we tried it 
we tried it both in the ordinary working of the engine and also by urging 
the fire. It was tried in connection with the Bichardson valve and several 
other smaller valves of different construction. I do not bring this forward 
to urge it, but simply as a small addition to our stock of information. 

Mr. Peddle, St. Louis. Vandalia & Terre Haute Bailroad — I simply re- 
ferred to the Bichardson valve on its merits. If, as it has been stated here, 
it is a nuisance, and if Mr. Sellers is correct in his theory, I think we have 
got a good means of preventing that nuisance of a sudden explosion. 

Mr. Fabies, Atchinson, Topeka & Santa Fe Bailroad — Mr. President, I 
have been experimenting especially with safety valves for the last two 
years, and I found it impossible to make the Bichardson safety valve work 
as I wanted it to, and one objection was this great noise that has been spoken 
of here, and the next objection was that I could not regulate the pressure 
as I wished to do. For instance: I wanted the lock-up valve -to blow oflf a 
certain number of pounds, one hundred and thirty or one hundred and 
twenty-five, or whatever might be practicable, so that the engineer might 
not block the back valve. I only opened the down valve, and in order to 
increase fhe pressure between the two valves, one I set seven pounds heavier 
than the other; through .this my forman got up a new valve, entirely dif- 
ferent from that, which increased the annular flange and set that in the 
seat. That was down level with the top of the dome, so that the corner of 
one is just about one-sixteenth of an inch below the other, and by increas- 
ing that annular flange you can get any area that you want out of a two and 
one-fourth hole to relieve the boiler. It will never gain a particle. I 
would like to have some of these gentlemen try that. There is no patent 
on it ; and I have adopted this plan, which I find works very well. I put 
a case right over the valve, on the forward dome, which answers to about 
what Mr. Seller spoke of. It goes all over that opening on top so as to 
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avoid this noise and makes a very soft sound, but does not do away with it 
entirely. That valve I arrange so that it carries one hundred and thirty- 
two pounds pressure, the 'ordinary pressure being one hundred and twenty- 
five pounds on the back valve when it raises. I failed to fetch a little 
sketch of the valve which I intended to bring here, but I can make one in 
a very few minutes. It is different from any thing that I have ever seen or 
read of. I see no objection to having the valve relieve to that pressure. 
There is another very good thing about it, and that is that it does not in- 
crease one particle with the blower on, and you can't make it increase. We 
have tried that thoroughly with heavy fire. That is because the valve 
raises so high when it goes up, the orifice being so large. It also saves fuel 
and water by holding the required pressure within a very few pounds of the 
blowing point. "^ 

Mr. W. S. Hudson, Rogers Locomotive Works — Mr. President, I perfectly 
agree with Mr. Bobinson with regard to the popping valve being a nuisance. 
To me it is a complete nuisance. Though it startles me I can not say that I 
am afraid of being killed with it. I think it ought to be avoided, and with 
the information already derived, and about to be developed here, I think we 
shall find a perfect substitute, and thus avoid frightening old women and 
horses with the noise. We have heard patent mentioned. The Bichardson 
valve is a patent valve, and perhapd that is not the worse of it. There is 
another patent in existence, I am told, that covers the principle of the Bich- 
ardson patent, called the Nailer patent. The Nailer was an English patent, 
and patented in this country by Ashcroft, of Boston, and consequently there 
are two in existence covering the same thing. Now you, gentlemen, that 
have paid for the Bichardson valve perhaps may have to pay somebody else 
one of these days; I don't know how that may be, but I merely mention the 
fact that such is the case, as I have every reason to believe. With regard 
to the valve that Mr. Bobinson brings a tracing of, I can say that those 
valves are very generally used in Europe. I was over there last summer 
and I saw numbers of them, and from standing beside the locomotives I 
experienced no annoyance at all from their blowing ofi". Their action was 
very mild, and in my inquiries in relation to them I found they were per- 
fectly satisfactory. 

Mr. Bobinson, Great Western Bailroad — Mr. President, in order that 
Mr. Peddle may not think that my remarks were in any way personal, I 
would like before the Convention to say that I consider the Committees' 
report as very satisfactory. I do not think, as far as I heard it read, that 
there was any thing at all claiming any interest or approaching or looking 
to any interest or favoritism whatever, and I would like to have that 
thoroughly understood — that I think the report is very satisfactory in that 
respect. I spoke of it in a way that I should have done if there had 
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been no report here at all. I simply spoke of it in connection with the 
subject which had been brought up. 

Mr. Hudson, Rogers Locomotiye Works — Mr. President, I may state, 
I think, further than that with regard to the Richardson valve, that it is 
patented in Europe, and while I was there last summer I called upon Mr. 
Hold who is the manager of the Hawthorne Locomotive Works, at New- 
castle, and he told me that they were about having a suit for an infringement 
of the Richardson patent. In his investigations of the subject he had dis- 
covered that there was a patent granted some years before to Byer, I think, 
of the firm of Byer, Peacock & Co., Locomotive Builders, that covered pre- 
cisely the same ground. Whether the suit has come off yet I am not able 
to say. 

Mr. FoBNET, Railroad Gazette — I believe, if I understand the construc- 
tion of the Richardson valve correctly, that its chief merit consists in the 
peculiar form of curve or groove, which is turned under the valve, and a 
corresponding one on the seat. I would like to ask members whether they 
have made any practical experiments in regard to the merit of those two 
curves or grooves. It is explained, I believe, to have a certain kind of reac- 
tionary effect upon the valve, and is thus thought to keep it up longer than 
ft otherwise would if the seat were plain. The explanation is not satisfac- 
tory to me without some experiment demonstrating that fact. I will also 
add my testimony to that of Mr. Hudson and Mr. Robinson in regard to the 
great nuisance which the Richardson valve is. It goes off with a report 
enough to scare anybody, and if Mr. Robinson had not already done so well 
I should like to say a word in behalf of the ladies in this respect. Regard- 
ing the curves or grooves in the valve, I should like to know whether any 
gentleman has had any experience regarding its action. I think there was 
some reference made to it in the report, but I did not catch it. 

Mr. EiiiiiOTT, Ohio & Mississippi Railroad — In answer to Mr. Forney, I 
would state I tried plain seated valves with perhaps three-sixteenths of an 
inch space, arranged exactly as the Richardson valve, and it was raised at 
the same pressure and going up a good deal higher, perhaps ten or twelve 
pounds higher, than the Richardson valve would under the same circum- 
stances, and remained up as the engine cooled off, and continued to indicate 
on the gauge perhaps twelve pounds below the point that it raised at in the 
first place. Any experiments in that way will show that the Richardson 
valve will raise higher and relieve the boiler quicker. I can not account for 
that part of it — why it should come down quicker with the same strain on 
the top — but that it does this in practice I know. You take a common mitre 
valve and put a Richardson spring on top of it, and your pressure will run 
down perhaps eight or ten pounds below the point it went off at, and in 
using a Richardson valve it would perhaps not go more than two or three 
pounds — I never had them go more than three. 
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Mr. Forney, Kailroad Gazette — I want to ask if the tops of the valves in 
both cases are of the same diameter? 

Mr. Elliott, Ohio & Mississippi Railroad — No; the tops of the valves are 
not of the same diameter. Mr. Peddlers experiments go exactly to prove 
that it did not make any difference in increasing the size beyond the bearing 
of the mitre. 

Mr. Forney, Bailroad Gazette— rit seems to me that in the experiment 
that Mr. Elliott has made, unless the tops of the valves are of the same 
diameter in both cases, tlie result would not give a true test of the condition 
under which it works. 

Mr. Elliott, Ohio & Mississippi Eailroad — I tried that, too, and then 
reduced it, but it made but little difference — the available steam would still 
run up. I know the Bichardson valve will not vary as much as any other 
common seated valve. There is another point — this nuisance in the Rich- 
ardson valve. When it is properly adjusted, as it is intended to be, there is 
no necessity for so much of this popping. Two of the Richardson valves 
ought to be applied to locomotives to make them safe. In one of them the 
first valve that goes off should be regulated by a set screw on the cross bar 
of the valve. You can regulate that so it will go off as soft as you please, 
and then set the pop valve five, seven, or ten pounds above that, and if the 
engineer and fireman will attend to their duty they never will pop, unless it 
is at some stop they are not expecting to make; but without doing that, if you 
allow that pop valve to go off every time it reaches the popping point, then 
you have your "pop" all the time; but by making some arrangement, 
merely allowing the valve to raise perhaps one thirty-second of an inch, it 
goes off perfectly soft. 

Mr. Peddle, St. Louis, Vandalia & Terre Haute Railroad-rThe Com- 
mittee did not think it necessary, in the first place, to investigate the matter 
of pops in their investigation of valves. They selected what they called the 
best valve, and so stated ; but what the best coverings are, and how 
expensive thej^are, is another matter altogether. But in regard to the man- 
ner of the action of the valve, all I can say is, that in the ordinary plain seated 
valve there is no obstruction to the escape of steam into the atmosphere. 
The moment it passes the opening it is dissipated, and the pressure falls. 
There is nothing to prevent the escape of the steam in the Richardson valve 
|nto the outside rim. The steam strikes that rim and is confined more or 
less, and that throws the steam down in the groove below and makes a reac- 
tion, and the steam is turned up and escapes. I think the whole merit of 
the valve is in those grooves. The steam that is confined exerts a pressure 
to lift the valve, and the fact is that it does lift it. I have not found any 
plain seated valve that comes anywhere near it. I think in the plain seated 
valve the diameter must be largely increased. With a small valve you 
must have something more than a plain seat to retain the pressure to lift the 
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valve to the proper height. In regard to experiments with valves that Mr. 
Faries made, I tried some ezperimeiits which I thought indicated that it 
was superior to the Kichardson valve. It did not make a loud explosion or 
pop, and we thought it answered a very good purpose ; hut when we came 
to investigate it and put it to a severe test, it was of no value. I think Mr. 
Sanborn will tell you some results of the valve also, for he has tried them 
on the other end of our road. He thought they were superior to the Bich- 
ardson valve, but I think when the thing is nicely tested it will be found to 
be a mistake. I for one should be very willing to have this Committee or 
some other committee continued for another year to test this thing further. 

Mr. Hudson, Rogers Locomotive Works — There is another feature in 
regard to these direct safety valves held down with springs that, I think, has 
not been mentioned here — that is the length of the spring. Suppose you put 
two or three of the springs ordinarily used one above the other, and test 
them. The question is, what effect that would have on the blowing off upon 
the amount of lift of the valve ? It appears to me that would materially 
affect it, and I notice that the springs usually used on what is called the 
Bamsbottom valve are longer than what we are in the habit of using here. 
There is a length, undoubtedly, which is better than any other — that is, that 
will not cause the pressure to increase beyond reasonable limits. Suppose 
we take the Kichardson valve and reduce the length of the spring a half of 
what it is ordinarily used, what would be the effect? Undoubtedly, it would 
materially interfere with its action. Therefore, there is some length better 
than any other. The question is, what is that length ? 

Mr. Elliott, Ohio & Mississippi Bailroad — I would like to make an 
inquiry of Mr. Forney in regard to the shape of the Bichardson valve. I 
would say that I believe, with an outside opening, in the opening through 
the seat of the valve, is the opening that must be regulated in relation 
to where the steam finally passes down, and by changing that a very 
little the action of the Bichardson valve is altered. I think thai has 
more to do with it than the shape of this opening. You have got to make 
that very fine to make it work just like an outside valve, passing down, as it 
were, and covering the other side of the valve. 

Mr. Ellis, Philadelphia <& Beading Bailroad — I wish to make a few re- 
marks in regard to a valve patented by A. J. Prescott, which was spoken of 
by the Committee, and with which I am very familiar. We are using four- 
teen of them on the Catawissa branch of the Philadelphia & Beading Bail- 
road. We have also used the Bichardson valve and the Cole & Taylor 
valve. The trouble we found with the Bichardson and the Cole & Tay- 
lor valves was that they would allow too much steam to escape after they 
had been in operation for a short time. At one time we had occasion to 
grind the Bichard valve ; it was leaking badly, and after grinding it and 
firing up the engine and getting steam again we found that the valve lost 
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about thirty pounds of steam. We screwed it down to admit it to open at 
one hundred and twenty pounds. It blew down to ninety before closing 
again. We found then it was necessary to screw the valve down tight, and 
run by the one valve, in order not to lose so much steam but what we could 
pull the train with the engine. The trouble with the Cole & Taylor valve 
is also in leaking. The small valve was continually leaking, and it would 
charge the large valve and would make the valve pop sometimes at ninety, 
sometimes at one hundred, and sometimes at one hundred and ten pounds. 
We have about fourteen of the Prescott valves in use on this branch of our 
road. The majority of them were put on in 1871, some in 1872, and we 
have had occasion to grind only two of them since they were put into ser- 
vice, and they raise and lower by the loss of from one and a half to five 
pounds of steam, and they have given better satisfaction than any other 
valve I have had experience with. 

Mr. Ellis here produced and exhibited a drawing of the valve to the Con- 
vention. 

The Pbesident — Gentlemen, the hour has arrived for the adjournment 
of this session; according to a vote of Convention we are to meet at S^ 
o'clock P. M. at the club room of the Sherman House. Is there any more 
discussion to be had upon this subject ? 

"^Mr. BoBiNSON, Great Western Kailroad — I move that the discussion on 
this subject be now closed. 

The motion was adopted, and the Convention adjourned until 3} o'clock 
P.M. 



EXTRA SESSION, Opened at 3.30 P. M. 

The Pbesident — ^The business called for this afternoon is the report of 
the Committee on Mechanical Laboratory. That report is in the hands of 
the Secretary who will read it. 

Mr. BoBiNBON, Great Western Railroad — Mr. President, as the chairman 
of the Mechanical Laboratory Committee I would like to say a few words 
which will enable the members of the Convention to take better hold of this 
report as it is read. During the operation of compiling the report of the 
Commitee on Mechanical Laboratory, certain correspondence was had with 
Professor Thurston ; such correspondence having been opened by our friend 
and associate member, Mr. Forney, and Professor Thurston wrote to myself 
as chairman of the Committee, and it has transpired since our arriving at 
the Convention that Professor Tliurston has made certain arrangements^ 
through his influence with the Stevens Institute, which in some measure fore- 
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stalls all that the Committee has been getting at. They have with Professor 
Thurston made arrangements for the establishment of a mechanical lab- 
oratory, almost exactly what we are after; but it is in their own hands to a 
certain extent now.' Understanding that you will probably pay particular 
attention to the report of the Committee and the way it stands, we desire 
you to note the fact that we did not know at all and only learned what had 
been done since our arrival at the Convention. Professor Thurston also has 
written a paper which he promised to do some time ago, but I did not know 
that he had accomplished it until I arrived here, when I found that our Sec- 
retary had in his possession the paper promised. Now the paper, as it hap- 
pens, covers a good deal of the ground that the Committee's report covers, 
and you will no doubt discover a similarity between the two papers ; but as 
the subject is one of great importance it probably will not be out of place to 
have them both read in order that we may fully comprehend the subject in 
all its bearings. With these facts it is like having a marginal reference to 
what you are going to read, and you will note them probably better in the 
order in which they come. 

Report of Committee on Mechanical Laboratory. 

To the American BxiUway Master Mechanics^ Association : 

Gentlemen — Your Committee, to whom was intrusted the con- 
sideration of the propriety of establishing a Mechanical or Testing 
Laboratory, issued its circular in due course, containing the follow- 
ing questions : 

1. Should such a Laboratory comprise apparatus for the solution of 
mechanical questions only, or for chemical also? 

2. What mechanical apparatus, in addition to a train dynamometer, do 
you consider should form a portion of the property of such a laboratory? 
Give list of instruments. 

3. What chemical apparatus do you consider should be possessed? Give 
list of same. 

4. Should the laboratory be open at all times for reception of inquiries 
from any member of the Association, or only on special occasions for use 
of committees, on some certain form of application to be adopted? 

5. In what city do you consider the establishment of the laboratory 
would render the greatest benefit to members of the Association generally? 

GENERAL REMARKS ON REPLIES RECEIVED. 

Although it is presumed that each member received a copy of 
these questions, only a small number of replies have been returned. 
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We are, however, inclined to regard this scantiness of answers as in 
no way arising from want of interest in such an important subject, 
but rather as a consequence of its novelty and the absence of any 
previous experience in respect to it. It is nevertheless very appa- 
rent, both from the fewness of the answers and their contents, that 
as a general rule the subject is one with which our members have had 
very little opportunity of becoming practically acquainted, a fact in 
which your Committee, in common with yourselves, can not fail to 
see cause for regret, and the present system of locomotive superin- 
tendence in this country so entirely absorbs the time and thought of 
Master Mechanics to the exclusion of the proper study of theoretical 
subjects that any early improvement is not very promising. We 
regard this state of our progress as scientific railway men as the best 
proof, not only of the ^propriety but of the great necessity^ for some 
substitute similar to that under consideration to supply us with that 
kind of theoretical and experimental information needing careful 
research to which neither our leisure or opportunity are equal. 

APPARATUS FOR LABORATORY. 

Of those members who have sent answers all recommend that the 
laboratory should include apparatus for the solution of chemical as 
well as mechanical questions that occur in our practice; and, as far 
as your Committee can judge by the aid of the answers received, the 
apparatus to commence with should consist of such contrivances as 
shall determine any question coming under our department of rail- 
way economy and management, the following list being compiled 
from answers received together with what occurs to your Committee 
9S proper and necessary: 

1. Adjustable model valve motion. 

2. Machine to test tensile, torsional, and compressive strength of 
raetals. 

3. Machine to test friction of metals. 

4. Machine to test lubricating value of oils, etc. 

5. Steam indicator with full diagram apparatus. 

6. Most approved speed or revolution counter. 

7. Pirometer for testing high boiler temperatures. 

8. Thermometer with long range. 
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9. Vacuum gauge for use in locomotive smoke boxes. 

10. Mercurial column for testing steam gaae^es. 

11. Registering dynamometer for obtaining train resistances. 

12. Microscope for examination of metals. 

13. Means of testing caloric value of different classes of coal and 
principles of their most economical combustion. 

14. Means of testing various qualities of water used. 

15. Means of testing acids in tallow under high temperature. 

16. Means of testing incrustation compounds and discovering 
their injurious ingredients when any. 

17. Means of testing composition of specimen of boiler scale, etc. 

NOTHING YET PURCHASED. 

Page 192 of printed report of Proceedings of last Convention, 
will remind our members of the resolution adopted last year voting 
the sum of $500 from the Boston donation for the immediate ac- 
quirement of certain instruments for the laboratory. In respect to 
this resolution your Committee beg to report that they have deemed 
it prudent to postpone the purchase of any instruments until such 
time as the laboratory should be satisfactorily organized with proper 
arrangements for the reception and safe keeping of its property. 
Referring to the dynamometer it is'proper here to mention that an 
instrument of this description has been very kindly presented and 
accepted by the Committee on behalf of the Convention, from 
Messrs. Pressor & Son, of New York, which is now on the platform 
for examination. It is constructed on the principle of compression 
of an oil. the pressure being indicated by an ordinary gauge. While 
this is a very useful instrument and apparently an improvement 
upon those constructed with springs, especially for purposes of 
weighing heavy loads, your Committee are of the opinion that if a 
dynamometer could be constructed in such a way as to be correctly 
self-registering it would be much more useful and reliable for the 
purpose of obtaining exact train resistances ; for these reasons, while 
we recommend that the thanks of the Convention be conveyed to 
Messrs. Prosser & Son for their thoughtful donation, we include 
another similar instrument of a self-registering construction on the 
recommended list for the laboratory. 
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ORGANIZATION OP LABORATORY. 



In reference to the organization of the laboratory, eight of the 
members who have replied to the questions recommend that it 
should be open at all times for the reception of questions, while five 
think regular stated intervals would be sufficient. Three recom- 
mend that the laboratory should be under the control of a special 
committee, to whom inquiries should be addressed, and one that it 
should be in charge of a curator on duty at all times, but under the 
control and instruction of a special committee. Your Committee 
are inclined to recommend a system embodying all that is valuable 
in these suggestions, namely: that if established, the laboratory 
should be accessible at all times by members of a standing com- 
mittee, or by any member of the Association possessing a suitable 
card or written authority from the chairman or secretary of such 
committee, the laboratory to be in charge of a paid investigating 
engineer or curator, who shall at all times be in a position to attend 
and give service whenever called upon by duly authorized members ; 
but no expensive or lengthened series of experiments to be under- 
taken except by resolution of the standing Laboratory Committee who 
will be responsible for all transstctions of the laboratory, and furnish 
a report of all experiments made with results obtained to this Con- 
vention each year, together with a statement of expenditure, etc. The 
standing committee to be chosen by ballot, if necessary in open Con- 
vention, and to consist of five members of the Association, three at 
least of whom must have been regular members, and two either 
cusodate or regular members for at least one year before they shall 
be eligible to serve on this committee ; two members of the standing 
committee to go out of office each year, but to be eligible for re- 
election. The title of all the property of the laboratory to be 
vested in a board of three trustees, consisting of the President ex- 
officio of the Association, and the presidents ex-ojfficio of two of the 
most important railways, controlling not less than five hundred miles 
of road, to be elected by the Supervisory Committee. Any vacancy 
in such board to be filled up from time to time by the Board itself, 
subject to the approval of the Supervisory Committee of the Asso- 
ciation. 
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LOCATION OF LABORATORY. 



Your Committee do not feel themselves competent to give any 
decided recommendation as to the locality in which the laboratory 
should be established, as the number of answers elicited are insuffi- 
cient to govern a decision ; for this reason it is suggested that the 
question of locality shall be settled by vote in open Convention. 
Seven of the members who have replied mention New York as the 
most convenient city for this purpose, two mention Cincinnati, two 
Philadelphia, and one Chicago. 

In connection with this part of the subject we have great pleasure 
in drawing the attention of the Convention to the very courteous 
and considerate action taken by our associate member Professor 
Thurston, of the Stevens Institute of Technology, or School of 
Mechanical Engineering, of Hoboken, New Jersey, in behalf of this 
undertaking. Some time ago our associate member, Mr. Forney, 
drew the special attention of Professor Thurston to the subject of 
our laboratory and its special requirements, with what result is 
probably already well known to most of our members in consequence 
of the publication of the matter in the Railroad Gazette of 14th 
March, 1874, a copy of which we affix below : 

A MECHANICAL LABORATORY. 

The following letter from Professor Thurston to the trustees of 
the Stevens Institute of Technology, and their reply thereto, need 
no explanation, excepting the statement that one or two other asso- 
ciations have entertained the idea of establishing a laboratory de- 
voted to experimental research. The subject is more fully discussed 
on our editorial page : 



174. J 



Department op Mechanical Engineering, 
Stevens Institute op Technology, 
Hoboken, N. J., Jan. 30, 1874. 

To the Trustees of the Institute — I have recently been called upon 
by gentlemen who are identified with important railroad interests, 
and who desired to discuss the advisability and the feasibility of a 
plan, already well matured, for the establishment of a department to 
be devoted especially to experimental investigations having a direct 
and practical bearing upon questions arising in the course of regular 
business. 
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A Laboratory for TechDical Research, or a "Testing Laboratory" 
as it was denominated, it was stated, if properly organized, well 
equipped and effectively operated, could be made of exceptional 
value in the direct advancement of science, as well as in the promo- 
tion of purely practical interests. 

The officers of 0][^r important lines of railroad, it was said, desired 
frequently to obtain dynamometric determinations of the resistance 
of trains and of the efficiency of locomotives; to learn with pre- 
cisic^ the strength and the various other hardly less important 
characteristics of materials which it was proposed to use in construc- 
tion, and to ascertain the value of fuels and of lubricating materials. 

Iron and steel makers are equally desirous of obtaining reliable 
and thoroughly accurate knowledge of the chemical constitution of 
their products and of their physical structure and properties, and 
such knowledge of the relations existing between these two sets of 
qualities as can only be secured by careful comparison of the result 
of skillful and systematic investigation. 

The manufacturers of machinery and constructors generally are 
seriously in need of a recognized authority to which they may send 
the materials purchased by them, with confidence that their qualities 
shall be carefully determined and their value ascertained, and that 
the deductions from experimental examination shall be intelligently 
made, uninfluenced by any private interest. 

Those members of the engineering profession who are engaged in 
general practice were said to constitute still another class of business 
men to which such an institution would lend valuable aid, and, in 
fact, every business would derive directly or indirectly great advan- 
tage from its establishment. 

Were the foundation of this proposed laboratory to be showu 
practicable, it was thought that all would assist, and that the 
three classes just named would consider themselves justified in 
uniting to contribute to its creation and support ; that business in- 
terest and a liberal policy would combine to secure its establishment 
on such a basis as would insure every facility for the investigation 
of problems arising daily in practical work in the systematic anil 
thoroughly scientific and effective manner proposed. 

It was considered that this laboratory, devoted to technical re- 
search and for the practical application of science in matters of 
business, should be under the charge of some scientific institution 
of acknowedged high character, in order that the perfect reliability 
of its work should be secured. It should be conveniently located 
in order that all of those who should aid in its establishment should 
find it readily accessible. 

It should be supplied with the most delicate instruments, the most 
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powerful testing macliines of all kinds, and a fall supply of the 
best forms of dynamometrio apparatus to engineers. 

It should have conveniently near a corps of scientific men, familiar 
with the practice of engineering, whose opinion could at any time 
be asked in matters with which they might be most familiar. 

The best collections of physical and chemical apparatus should be 
within reach of its officers, in order that they might, in the hands of 
those directly responsible for them, be brought into use whenever 
work in progress should render special researches in pure scif nee 
advisable. 

The laboratory should be provided with well trained and educated 
experimenters, capable of making satisfactorily any series of inves- 
tigations that might be called for. 

It was urged that these requisites could probably be best secured 
by the establishment of the proposed mechanical laboratory in con- 
nection with this Institute. 

Its central location, its special adaptation in plan and methods of 
instruction as a school of mechanical engineering, its extensive ool- 
lections and their exceptional character, the completeness of its or- 
ganizations and its thorough adaptation in all respects to this kind 
of work seemed to indicate this as the best possible location for suoh 
a new department as that proposed. 

It was thought that should the trustees consider it advisable to 
accept such an addition to their responsibilities, and to grant the space 
needed, and also to guarantee a hearty co-operation, there would be 
no difficulty in securing from business men to be benefited by it a 
sufficient amount of capital to purchase a complete outfit and prob- 
ably to provide such an endowment as should insure its support, 
without in any way taxing the resources of the college. 

Should the plan succeed, it was thought that a moderate income 
might also be obtained by assessing the actual cost of special exam- 
inations upon those for whom they might be made, which should 
provide for a continual increase of facilities by additions to its stock 
of apparatus and by the improvement of its personnel. 

This matter has appeared to me an extremely important one, and 
I have therefore no hesitation in placing it before you and asking its 
careful consideration. 

I have consented without hesitation, in the event of your favora- 
ble action, to aid as far as lies in my power in the organization and 
operation of such a laboratory, and have promised, should it become 
necessary, to assume the responsibility of its direction, and to en- 
deavor to secure such an administration as should compensate its 
founders for their expenditure of capital, and the Institute for the tax 
which its support may incidentally bring upon it, and such as should 
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lend to the business interests of the country more efficient aid than 
they have been accustomed to receive from purely scientific work. 

1 believe that such a plan as that here laid before us would give 
to this country an institution such as has never yet been organized, 
and one whose value will prove beyond estimation. The accumula- 
tion of facts, the valuable application of science and the directly 
practical bearing of the work which may be done would, in a com- 
paratively short time, be productive of richer results than have been 
attainted in constructive science during many years past. 

It would do most effectively that work which has hitherto been 
too much neglected, the application of scientific knowledge to fa- 
miliar work and matters of business. It would do much to close up 
the space which so separated the man of business from the man of 
science, and would lead to a far more perfect system of mutual aid 
than has yet existed. 

An institution like this can do no nobler work than that which, 
by assisting the improvement of technical methods and by the ap- 
plication of science to improvements in practical construction, aids 
in the development of the natural resources of our country, stimu* 
lates the growth, in extent and perfection, of its most important 
industries, and contributes in a thousand ways to the welfare of the 
people. 

Very respectfully, R. H. THURSTON, 

FrofessoT of Mechanical Engineering, 

REPLY PROM THE TRUSTEES OF THE STEVENS INSTITUTE. 

Frof. R H. Thurston: 

Sir — The trustees have to acknowledge the receipt of your favor 
of January 80, and have given it careful consideration. 

They are so favorably impressed with the proposed establishment, 
in connection with the Stevens Institute of Technology, of an ad- 
junct " Laboratory for Technical Research," or ** Testing Labora- 
tory," as you denominate it, that they gladly give the plan their 
cordial approval, and will render every assistance possible in its 
formation and maintenance. 

Under proper restrictions they will be pleased to assume the 
responsibility of its government and safekeeping. 

The trustees will accord all necessary space when not required by 
the Institute, whether within the present buildings or upon the 
grounds. They would grant the use of all facilities for investigation 
possessed by the Institute, only stipulating that the work of the col- 
lege itself have precedence unless directed by them. 

They would assist in organization and would gladly permit the 
faculty of the college to aid, as far as they may have the will and the 



94 

power, and would also accept such responsibility as may in propriety 
and of necessity fall upon them. 

They would consider the adjunct department as, in all but its 
maintenance, a part of the Institute, and as such entitled to their 
protection and claiming their hearty support. 

Whatever they could properly do, without in any way sacrificing 
the interests of the Institute, they would do with pleasure. 

It should not be forgotten that the Stevens Institute of Technology 
was established as a special school of mechanical engineering, and as 
such has a well-understood policy and well-defined aim. 

To the accomplishment of this work all of these facilities, supplied 
by its founder must be studiously directed, and the trustees do not, 
therefore, feel themselves at liberty to direct any portion of its 
income to the maintenance of even an institution so valuable as an 
adjunct to the college, as well as so important in its relations to 
industrial progress, as that proposed, and can not therefore promise 
to aflPord direct pecuniary aid. 

Such facilities as are possessed by the Institute would be freely 
placed at the service of the managers of the proposed laboratory. 

As business men we recognize fully the importance of bringing 
into as close relations as possible the science and industrial knowl- 
edge of the country, and we understand well the effectiveness with 
which the workers in the two fields may aid each other. 

In establishing an "institution of learning," as directed by the 
founder of the Stevens Institute of Technology, they felt that its 
success in the field of labor chosen would become an important ele- 
ment in securing this corporation of science and labor, and of theory 
and practice, by giving to the world a class of men who should com- 
bine as eflPectively as possible these two important elements of suc- 
cessful training. 

They already see proof of the correctness of their views, and they 
recognize in the proposed plan a means of rendering the work of the 
college still more eflfective. 

They anticipate that the establishment of such an auxilliary 
would aid by bringing the work already in progress more fully 
before those who are best qualified to aid in making it more suc- 
cessful. 

They see that good work in the direction indicated would add to 

the reputation of the Institute, and would assist in extending that 

reputation by securing the widest publication of the results of work 

done here. 

Tours, etc., 

W. W. SHIPPEN, 
S. B. DOD. 
Fbbruaby 2, 1874. 
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From this correspondence it would appear that, through the influ- 
ence of Professor Thurston, the trustees of the Stevens Institute 
are prepared to co-operato with us in the establishment and main- 
tenance of such a testing laboratory as we require, on certain proper 
conditions governing its non-interference with policy and aims of the 
founder of the Institute. Your Committee feel that this is an offer 
which, for scientific value, consideration, and opportuneness, is not 
likely soon to occur again ; and should the Convention decide upon 
New York City as the most convenient locality for rendering the 
greatest benefit from the laboratory to the greatest number of mem- 
bers, your Committee recommend the plan suggested in connection 
with the Stevens Institute as worthy of your serious and favorable 
consideration. 

FINANCIAL OR WAYS AND MEANS. 

The very newness of this undertaking, without any previous expe- 
rience for guidance, renders it difficult for your Committee to give 
any recommendation as to the best method or plan of providing for 
the cost and maintenance of the proposed laboratory ; and although 
last to be noticed this is a feature in the subject requiring the most 
careful consideration. 

Should the Convention decide upon the immediate establishment 
of the laboratory, it should be prepared to provide a sum for instru- 
ments and apparatus of probably about five thousand dollars, more 
or less, according to the liberality of the spirit or nature of the 
requirements ; but until the feeling of the Convention in regard to 
the offer of the Stevens Institute is known, and the exact nature of that 
offer determined, any estimate of cost of such a laboratory with suit- 
able apartments can only be problematical. 

The most feasible plan of meeting the first cost and future main- 
tenance of the laboratory that occurs to your Committee, would be 
to obtain the co-operation of the presidents of all the railroads in 
the country, all being directly or indirectly benefited by the greater 
ecconomy that should follow from the prudent research of such an 
institution, and arrange with them for the levying of the expenditure 
over all railroads, pro rata, in accordance with the number of locomo- 
tives possessed or owned by each road. The tax on the shareholders 
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by such a plan would be merely nominal wben spread over so large 
a territory. It would of course be unfair for such an expense to be 
borne by those roads only whose Master Mechanics are members of 
the Association, inasmuch as all railroads would be benefited even as 
they now are by the result of the mental toil of the Association 
through the medium of its reports — a fact which it is hoped will 
sooner or later be acknowledged by all railroad managers in their 
subscription to the expenses of obtaining such information, even if 
they are unwilling for their Master Mechanics to assist by personal 
attendance. This, like other parts of the subject already mentioned, 
will be the better of free discussion among the members, in order 
that the standing committee, if appointed, may be informed of the 
exact sense of the Convention in regard to it. 

QUESTIONS TO BE VOTED UPON. 

As the basis of this report rests on six important decisons requir- 
ing the vote of the Convention, in order to save time, your Com- 
mittee recommend that, in the event of its report being accepted, a 
vote as early as practicable be taken to decide the following points : 

1. Shall a mechanical or testing laboratory be established in con- 
nection with the Association, having in view completeness and per- 
manency ? 

2. Shall it be on the broad principles including the requirements 
of all the three classes mentioned in Professor Thurston's address to 
the trustees of the Stevens Institute, or only for the requirements of 
the mechanical departments of railroads ? 

3. In what city shall it be located? 

4. If New York be selected, shall the offer from the Stevens Insti- 
tute be accepted ? 

5. What pro rata principle shall we recommend to our companies 
for raising the fund for the purchase of the laboratory, and what 
plan for providing a sustenance fund to maintain the same ? 

6. Which members shall form the standing committee of five, to 
go out of office as stipulated, two each year ? 

In conclusion your Committee would remark that, during the 
Convention of last year, mention was made of some advantages to be 
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gained by baying tbe laboratory fitted up in a car built suitably for 
tbe purpose, but so many objections presented tbemselves against 
sucb an arrangement tbat it bas not been considered wortb any fur- 
ther consideration at the present time. 

Eespectfully submitted, 



W. A. EOBINSON, 6?. W. B. of Canada, 

R. WELLS, Jeffersonville, Madison & Indianapolis, 

JAS. M. BOON, Pittsburg, Ft, Wayne & Chicago, 

N. E. CHAPMAN, Cleveland & PiUshurg, 

H. M. BBITTON, Cincinnati & Whitewater Valley, 



Committee. 



P. S. — Since completing the above report your Committee have 

received a paper from Professor Thurston of the Stevens Institute 

appertaining to this subject, and in consequence of its value in this 

connection beg to recommend that it be read and accepted as an 

appendix to this report. 

W. A. ROBINSON, 

For Committee. 

On the Necessity for a " Laboratory for Technical Research" 
and on the Work of a Mechanical Laboratory. 

INTRODUCTORY. 

There are few men of any considerable practical experience in 
engineering who have not felt the great need of some well estab- 
lished and reliable authority to which they could apply for special 
information, either purely scientific or more strictly professional, 
bearing upon unfamiliar details of their work. 

Probably every man who has grown up in daily contact with any 
branch of mechanical industry has seen hundreds and often thou- 
sands of dollars expended in the effort to obtain such information, 
and has seen the result accomplished, and the information, valuable 
as it was to many besides those who acquired it, remaining unpub- 
lished. The world at large is left as ignorant as before. 

Repetition of the work by others has followed, and a similar ex- 
penditure of money has produced the same limited result, where one 
thousand dollars properly expended in securing the desired knowl- 
edge would suffice were the results properly communicated to the 
profession. Ten thousand or twenty thousand dollars may be ex- 
pended by as many independent experimenters, each ignorant of the 
7 
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other's work, and, after all, the hundreds of others who might have 
been benefited receive no assistance. 

In many other cases experiments have been carried on, and large 
sums of money expended upon them without the slightest really 
new and valuable information being gained, either because the ex- 
perimenters were unaccustomed to such work, and had but a vague 
knowledge of the real object to be attained, and still less knowledge 
of the proper method of obtaining it, or because of their unfamil- 
iarity with the best methods of investigation, or in consequence of 
their ignorance of what had been already discovered and published 
by others. 

It often happens, also, that a long course of experiments or a 
most tedious, elaborate, and expensive investigation is comparatively 
barren of results, in consequence of some apparently slight neglect 
which would not have occurred had the invesiigator been accustomed 
to such accurate work as is required. 

Again, it has very frequently happened that engineers have re- 
mained for many years in ignorance of the real nature of some 
familiar phenomenon, or of some important principle, simply because 
its complete investigation required a comparison of experiments, 
made in the chemical or the physical laboratory, with the work of 
the mechanic in order to enable the subject to be intelligently studied 
in all its relations. The mechanical properties of materials, the 
effect of temperature upon the metals, the incrustation and corrosion 
of steam boilers, the value of lubricants, tho heating power of fuels, 
and many other subjects, require for their full investigation the 
highest talent of the chemist, and of the physicist, as well as of the 
engineer. 

The serious necessity of some great establishment which should 
be solely devoted to the work of investigation of such scientific and 
professional problems as are daily being presented to the engineer 
and the mechanic, in the progress of regular work, was forcibly im- 
pressed upon the mind of the writer when — then but a boy amusing 
himself in the workshop and drawing-room — he found himself un- 
able to obtain accurate information upon even the most important 
subject involved in the design of the steam engine, or in the pro- 
portions of its details, and especially relative to those- circumstances 
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which determine the quality of the materials used. The size of a 
piston rod, the thickness of a cylinder head, the proportions of a 
crank pin, were usually determined in nearly every shop, by no 
rules based upon careful investigation of the strength of the material, 
but were settled by **rule of thumb." The economical value of 
high steam and of expansion, the influences of piston speed, the 
laws governing the deposition of the salts held in solution in spring 
water or in salt water, the effect of surface condensation on the effi- 
ciency of the engine and upon the durability of the boiler, are all 
subjects in regard to which engineers held widely discordant opin- 
ions. The real effect of heat and cold upon materials was uncer- 
tain, and the laws governing the resistance of metals to blows, it 
was asserted, were involved in mystery. 

When, in later years, he was intrusted with sometimes important 
work, more light was the reward of painstaking investigation, but it 
came slowly and was most unsatisfactory from its meagerness. 

Experience in the management as well as design of engines and 
machinery at sea and on shore, revealed still more fully a great 
want of information in the most important branches of engineering 
work. We are getting on more rapidly to-day, but still too slowly. 
Abroad some valuable work has been done — far more than in the 
United States, although something has been done here — our knowl- 
edge of the strength of materials upon the research of General 
Morin, of Tregold, Hodgkinson, Fairbairn, and Barlow, of Chevan- 
dier, and Westhiem, and of Vicat. Kilkaldy, StyfFe, and Bauschin- 
ger have made the latest and most valuable contributions from 
foreign sources. 

In this country a committee of the Franklin Institute, and Cap- 
tain Rodman and Major Wade of the Army, Chief Engineer W. H. 
Shock of the Naval Engineer Corps, and a few others, have done 
good work, while Commander Beardslee, United States Navy, has 
recently added important facts to those previously acquired. The 
experiments of Clark in England, of Bauschinger on the Continent, 
and of Forney in the United States, have thrown some light on the 
distribution of steam in locomotives. 

The labors of Trisca, of Morin, and of Coutomb on the laws and 
£(ict8 of friction, are the basis of our knowledge on that subject. 
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Oar own Professor Johnson gave us an immense amoiint of informa- 
tion relative to the yalaes and characteristics of American coals, and 
Baron Yon Weber has given us important knowledge relating to 
the permanent way from experiments on European roads. Thus we 
find that some valuable work has been done in every line or research, 
which has become the standard that guides us in practical appli- 
cations. 

In nearly every case we shall find, on investigation, that the 
standard which conservatism insists upon our accepting as a guide 
in our work has been some time in existence, and that it is ha^^ 
upon experiments with materials which were quite different from 
those now in our markets, and that it was made when methods now 
perhaps obsolete were considered satisfactory. The world moved 
in practical research, is inclined to progress unstimulated. 

In every field of labor we therefore meet with unexplored fields, 
and find ourselves daily at loss to determine the best method of 
doing our work. The best work which has yet been done in the 
most important branches of research has usually been of such a 
broad character, and has demanded the expenditure of so much time 
and money, that it has of necessity been done by governments or 
by wealthy corporate bodies. 

Abroad we have in the French " Conservatore des Arts et Metiers " 
and in the laboratories of great technical schools of Europe, estab- 
lishments where may be found men competent to do good work, and 
who are assisted by the pecuniary aid of their governments. It 
then happens that we owe very much to them. 

In this country the same system which gives us political freedom 
operates against the successful prosecution of such work under the 
patronage of government. In matters of pure science, as in the 
work of the Smithsonian Institute, in that of the coast survey, and 
the occasional astronomical or geological expeditions which are 
carried out at public cost, the difficulties are not so serious. But 
investigations which have a directly practical bearing are liable to 
fall into the hands of those who are not thoroughly well prepared 
for the work. 

It seems very certain that a really successful and permanently 
useful institution, devoted to investigation, must be partially if not 
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entirely sustained by private individuals legally responsible, and 
veil known as qualified for their work. 

METHODS AND INVESTIGATIONS. 

The method of operation in the prosecution of any investigation 
may be detailed in a few words. 

The investigator must first know definitely what phenomenon it 
is proposed to investigate. A vague desire to know more of any 
given subject is* by no means suflScient to justify entering upon- a 
work which may be found to be indefinite in its extent and infinite 
in its ramifications. As a rule, the more completely the work may 
be narrowed down the better. It must necessarily be ultimately 
resolved into one or more questions which may be stated with pr.e^ 
cision before any probably intelligent and remunerative work can l^e 
commenced. For example : To determine the effect of cold upon 
rails and machinery, which has been so often attempted and which 
Btill remains, to a considerable extent, an unsolved problem, we may 
find ourselves compelled to resolve this question into several, as, for 
example : 

1. What is the effect of change of temperature upon the strength 
of pure iron ? 

2. What upon iron containing carbon, i. e. steel ? 

3. What upon iron containing carbon mechanically combined ? 

4. What upon iron containing sulphur chemically combined? 

5. What upon iron containing phosphorus? 

6. What upon iron containing silicon ? 

7. What upon iron containing cinder ? 

8. What upon steel containing sulphur ? 

9. What upon steel containing phosphorus ? 

10. What upon steel containing silicon ? 

11. What upon metal containing mixtures of these substances in 
the various proportions frequently met with ? 

12. What is the effect of change of temperature upon the ductility 
of all these metals ? 

And when we speak of the effect of low temperature we must not 
forget that it may have, and in fact does have, an effect in at least 
two ways. 
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It will affect the resisting power of a material not only by the 
change of molecular force, which is due to the change of the relative 
distances of the moleculars, but also by the simple fact of change of 
density itself. 

Having determined all of these several simple effects, it remains 
to collect them and to so group the results that the great law under- 
lying their action may be detected, and then the often exceedingly 
difficult task arises of expressing that law mathematically, or in 
some other way, which may make the work practically useful. 

It is evident that this problem can only be solved by the combi- 
nation of the intelligent efforts of the chemist and .the physicist as 
well as of the mechanic. 

Thus our simplest questions may, upon examination, be found to 
comprehend complex, and after difficult, problems, and may require 
for their solution the highest talent of not merely one man, but of a 
number of specialists, all of whose labors may be required to secure 
a satisfactory solution. 

After deciding precisely what is to be learned, the next step is 
usually to ascertain how much has already been done of the work 
thus determined and limited. This usually requires a careful ex- 
amination of the records of previous professional work extending 
far back into earlier times, and it frequently happens that a vast 
amount of valuable information may be gleaned, and the work im- 
mensely shortened, by studying the results already made public by 
native and foreign experimenters. 

Much of the finest and most practically valuable work of their 
kind which has been yet accomplished will be found described in 
French and German engineering works and periodicals. The long 
standard works of Morin and of others already mentioned are illus- 
trations. 

Next, after the labor of examining and collating earlier researches, 
comes the planning of the new investigation proposed. This is as 
necessary a preliminary as the designing of an engine before 
work is commenced upon it in the shop. A thoroughly considered 
and well matured plan of operation will usually prevent any serious 
errors involving expenditure of money, or what is equally important 
the loss of valuable time. 
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The formatioD of a plan of operations requires a very definite 
knowledge of the character of the problem and an accurate under- 
standing of the relative importance and probable bearing of the 
anticipated results, and a knowledge of the facilities available for 
the investigation. It ^presupposes a knowledge of the adaptation, 
range, accuracy, and reliability of the apparatus to be used, and not 
less important than all this is the knowledge of the extent to which 
assistance must be asked of, and how far aid may be expected from, 
special researches of a more purely scientific nature. 

Skill in experimentation thus guided will then produce the best 
results attainable with the means at hand. The next requirement is 
a proper collation and registry of results, a matter in which there 
is opportunity to make useful a considerable degree of ingenuity 
and talent. 

To make correct deductions from the records is the final task, 
and this is an exceedingly important matter. A lack of knowl- 
edge of the subject or of collateral facts may destroy the value of 
the whole work. 

This work being properly done and the account of the research 
being properly written out, a contribution to knowledge will usually 
be found to have been secured which has a value to the public, and 
sometimes to individuals, far exceeding that of the time and the 
money expended in securing it. 

Men of science have often devoted the best years of a life-time 
to the investigation of a single train of phenomena, seemingly insig- 
nificant in comparison with the great facts surrounding them, yet 
neither they nor the world think this is a wasteful expenditure of 
time. The value of acquired knowledge is never to be measured by 
the value of immediately apparent results or of evident applications, 
yet, in the course of the practice of the engineer and the mechanic, 
it rarely happens that such experimental work as he is compelled to 
take in hand does not bring an immediate and ample remuneration, 
while the ultimate benefit accruing is often immensely great in pro- 
portion to what is paid for it. 

We usually find that we help ourselves by such work to a most 
satisfactory extent, and at the same time are enabled to give our 
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neighbors of our light without sacrifice, and to experience the grati- 
fication of benefiting the profession and the public. 

LOCATING A MECHANICAL LABORATORY. 

The location of such an establishment as would be well adapted 
to general work of the kind here contemplated, and to the prosecu- 
tion of special investigation of a directly or indirectly practical 
character should be carefully selected. 

The necessity of frequently calling for advice and assistance of 
both practical and scientific men, and the desirability of securing 
accessibility will prevent its satisfactory operation if it is not located 
so as to be within reach of a large proportion of those most interested 
in its establishment and maintenance. 

The necessity which will frequently arise of making accessory in- 
vestigations of a scientific character, in various branches of natural 
science, will dictate its establishment, probably, in connection with 
some conveniently situated and well established technical institution 
of learning, provided with well stocked laboratories, conducted by 
men capable of appreciating the importance of the work and of 
properly pursuing such investigations and who will take an interest 
in the subject. ^ 

The institution should have a character which is readily defined. 
Its magnitude is not so easily determined. It may be of very 
limited extent, and may yet do a vast amount of good ; or it may 
become a vast establishment, employing a large corps of able men, 
making use of extensive collections of valuable apparatus and ma- 
chinery, and making profitable use of larger capital than the French 
" Conservatore des Arts et Metiers," already alluded to, which has 
an annual income of nearly seven hundred thousand francs, five hun- 
dred thousand of which comes from the State. In a large and grow- 
ing country like ours, peopled by the most active and enterprising 
of every race, the future of such an institution, if properly man- 
aged, would be whatever its managers and those whom they aid 
might choose to make it. 

Its stock of apparatus would be determined, in character and ex- 
tent, at first by the nature of the work most imperatively needed. 
It would probably comprise a set of machines for testing the strength 
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and other no less important qualities of the materials of construe- 
lion, dynamometric apparatus, instruments for testing lubricants, 
steam engine indicator, calorimeters, pyrometers, and thermometers, 
and apparatus for determining the heating power of fuels. A mer- 
curial gauge with the usual accessories for comparing standard 
gauges, standard weights and measures, instruments for determining 
specific gravity, and other well-known forms of experimental appa- 
ratus would be needed. 

Special apparatus and instruments adapted to new methods of 
investigation and new fields of research would rapidly accumulate, as 
they might be constructed for special purposes or contributed from 
outside sources, and would ultimately form a collection of very great 
value. A small collection of machine tools would be needed for the 
purpose of preparing materials and of making or repairing apparatus. 

THE PERSONNEL. 

The personnel of this establishment would probably consist of a 
director who should be, if possible, familiar at once with the theory 
and practice of the profession of engineering, and who should also 
have as large a knowledge as possible of science, particularly in 
its bearing upon his work. He should have able assistants of 
similar qualifications, and should be able to appeal to men of sci- 
ence and practical men alike for advice, with confidence that it 
would be given and that it could be profited by. Good mechanics 
to take charge of tools, to aid in preparing apparatus, and to assist 
in manipulation, and some unskilled labor would complete the list. 

Such an institution as has been here briefly described, doing the 
work which is most immediately required by the various branches 
of manufacturing industry and of engineering, would be* of incalcu- 
lable benefit to mankind. As remarked by the writer in addressing 
the trustees of the Stevens Institute of Technology on this subject, 
such an enterprise " would give to this country an institution such 
as has never yet been organized, and one whose value would prove 
beyond estimation. The accumulation of facts, the valuable appli- 
cation of science, and the directly practical bearing of the work 
which may be done, would in a comparatively short time be pro- 
ductive of richer results than have been attained in constructive 
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science during many previous years. It would do most effectively 
that work which has hitherto been too much neglected, the applica- 
tion of scientific knowledge to familiar work and to matters of busi- 
ness. It would do much to close up the space which so widely sepa- 
rates the man of business from the man of science, and would lead to 
a far more perfect system of mutual aid than has yet existed." 

It would, by aiding the progress of improvement in our methods 
of work, and by the application of scientific knowledge in practical 
life, aid in the development of our material resources, lend a new 
impetus to the industrial enterprise of our people, and assist to an 
extent which can probably hardly be conceived in the promotion of 
our national prosperity. 

A decade of such work as could and should be done, when such 
facilities are rendered available, may be expected to be more fruitful 
of practically useful results than a quarter of a century of unsystem- 
atic, desultory, and unorganized efforts, such as has hitherto been 
our only method of acquiring information. 

THE STEVENS INSTITUTE OF TECHNOLOGY AND ITS LABORATORIES. 

The convenient location of the Stevens Institute of Technology, 
its exceptionally complete collections, its special adaptation in con- 
sequence of its organization as a school of mechanical engineering, 
and by the training of its officers and employees to such work, has 
led gentlemen well known in connection with railroad work and 
with the iron and steel industries to ask whether it would be possi- 
ble to induce its authorities to inaugurate such an institution as a 
part of its department of engineering. 

The evident interest which the plan has awakened among all 
classes engaged in engineering and mechanical work induced the 
writer, who had long believed such a laboratory to be one of the 
necessities of the present time, to address the trustees upon the sub- 
ject. This correspondence in which the case is stated by the writer, 
and in which the trustees acquiesce in the views presented with an 
interest and a promptness of action which exhibits a thorough appre- 
preciation of the importance of the subject, is appended, and will be 
read with interest by every one. 



107 

It is seen that the trustees of the Stevens Institute of Technology 
have consented to inaugurate a mechanical lahoratory, and it is to 
be hoped that this germ, which is just now commencing its develop- 
ment, may grow into something as noble in itself and as grand in 
results as its most interested and enthusiastic friends can possibly 
have anticipated. 

It is a pleasure to be able to announce also, that those who are 
most interested in the matter are taking prompt action in aid of the 
plan. This society of Master Mechanics has its standing committee, 
which is ready to do all that lies within its province, and it may be 
expected to give valuable aid and advice. 

The American Society of Civil Engineers have taken similar 
action, and their committee stands ready to co-operate with other 
societies and with individuals, and to assist also by advice and active 
exertion in securing ample means for the inauguration of this im- 
portant project. 

Leading members of the iron and steel associations and of the 
press are taking an active interest in the subject, and the plan will 
be so thoroughly published that it must succeed if the advantages 
apparent are at all appreciated by those who are to be most directly 
assisted. 

HoBOKEN, N. J., May 1, 1874. 
JProf. jK. jet. ThurstoUf Stevens Institute of Technology : 

Sir — The trustees, after a more thorough consideration of your 
letter of January 30th, referring to the necessity of a laboratory 
devoted to technical research, and especially designed to meet the 
necessities of the industrial interests of the country, have decided 
to assume the initiative and to endeavor to provide the nucleus of 
such an institution as that proposed in your letter just referred to. 
You are therefore authorized and requested to organize a Mechan- 
ical Laboratory, as an adjunct to your department, and to as- 
sume the direction of its affairs. 

You will take charge of such contributions as may be made by 
those interested in the creation of such an establishment, whether 
of apparatus, of machinery, or of capital, and account for them to 
the trustees. In accepting such contributions you will submit to 
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the trustees the proposed conditions of acceptance before completing 
any agreement with the contributors. 

Yon will, in the expenditure of funds, in the erection of build- 
ings, the purchase and establishment of apparatus and machinery, 
and in the employment of subordinates, use every precaution to 
secure the greatest economy and a full equivalent for funds so used. 
You will establish all necessary regulations for the successful opera- 
tion of the new department, and will provide such a schedule of 
charges for work done for private parties as shall cover actual ex- 
penses, and give a margin of profit amounting to not less than 
twenty per cent, of such expense, which profit shall be charged to 
a capital account for the purpose of securing a gradual increase of 
the stock of apparatus, and the accumulation of a fund which may 
ultimately be used in the erection of buildings and in securing en- 
lagred facilities for special researches. 

In making regulations for the guidance of those having occasioo 
to avail themselves of the facilities, which it is proposed to provide 
for the examination of materials and for research, you are desired 
to make provision, where possible, for a fair return upon their in- 
vestments to those who may aid in the establishment of the lab- 
oratory. 

You will make a report to the trustees in January of each year, 
in which you will state the amount and the character of work done 
during the previous year, the condition of the department, its 
growth and its wants. 

You will be expected to render an account of receipts and ex- 
penditures semi-annually, January 1st and July 1st, and in the 
statement which shall accompany the annual report you will give an 
account of stock, and a statement in full of the value of all property 
held on laboratory account. 

The trustees of the Stevens Institute will transfer to the director 
of the Mechanical Laboratory the following property, to be held 
and used for the benefit of the laboratory: 

1 steam engine of four-horse power. 

1 steam engine of fifteen -inch swing. 

1 speed lathe. 

1 power planing machine, five feet bed. 
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1 small hand planing machine. 
1 universal milling machine. 
1 upright drill. 
1 emery grinder and wheels. 
1 set taps and dies. 
1 set reamers. 
1 set Whitworth gauges. 

1 lot miscellaneous tools, as per inventory to be submitted. 
1 testing machine with autographic registry to break iron and 
steel of five- eighths inches diameter. 
1 Emerson dynamometer. 
1 Salleron dynamometer. 

1 Woltmann mill for determining velocity of streams. 
1 Baumgarten mill for determining velocity of streams. 
1 wheel with dial for determining velocity of water. 
1 pilot tube with dial for determining velocity of water. 

1 anemometer. 

2 Kichards steam engine indicators. 

1 MacNaught steam engine indicator. 

2 spring balances, British measure. 
1 spring balance, French measure. 
1 blacksmith forge. 

To the above list there will be appended some other apparatus, 
as yet unselected, the whole having an estimated value of $5,000. 
The boilers of the Institute will be allowed to furnish steam to 
drive the engines and tools. 

The trustees will assume charge of permanent funds, and will en- 
deavor to invest them properly. They will decide when it may be 
advisable to expend all or any portion thereof for the purpose of 
enlarging the field of usefulness of the institution for the benefit of 
which they may have accumulated. 

You are authorized to make use of such available space within 
the buildings of the Institute as shall be necessary for the accom- 
modation of the proposed laboratory, and to call upon the employees 
for such assistance as may be needed, whenever such aid may be 
rendered without interfering with their regular work, or their duties 
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to the officers of the Institute. It is presumed that such assistance 
will meet all requirements for several months at least. 

Whenever it shall occur that a total subscription of sufficient 
amount to erect buildings shall have been received, the trustees will 
further appropriate to the use of the proposed mechanical labora- 
tory a strip of land adjacent to the Stevens Institute of Technology, 
not exceeding two hundred feet in length and fifty feet in breadth, 
valued, at present prices, at not above $20,000, on which such build- 
ings may be erected. 

The total appropriation thus made is to be credited to the Insti- 
tute as a shareholder for its amount $25,000. The trustees will 
also hold themselves in readiness to share the management of the 
laboratory with a board of trustees, of which the President of the 
Stevens Institute shall be ex-officio president, and on which board 
contributors shall have representation in proportion to the aid 
given J this transfer to take place whenever the majority of stock 
representing subscriptions shall vote it advisable. 

Very respectfully, 

(Signed by the Trustees.) 

The President — Gentlemen, you have heard the report of your Com- 
mittee with the papers prepared by Professor Thurston, the Committee 
recommending that they be added to the report. What action will you take 
upon it? 

On motion, the report and papers were received. 

The President — The next business in order is discussion of the report. 

Mr. KoBiNSON, Great Western Eailroad — Mr. President, I would like to 
ask Mr. Forney or Mr. Coleman Sellers, who, I think, are probably better 
acquainted with Professor Thurston than any one in the room, whether they 
are aware of the exact position of our funds as a Master Mechanics' Associa- 
tion if we should appropriate any of our money, and place it in the hands 
of that Institute, how far would we have control of and how far be respon- 
sible for it if placed in the hands of the Stevens Institute in the manner 
proposed by Professor Thurston or the trustees of the institution^ In that 
connection I might say that I understand by our President that we have 
some $3,500 on hand from the Boston donation which we could, if we saw 
fit, use for this purpose; and, as a member of the Convention, I would 
strongly advise the greatest caution in everything we do in regard to the 
expenditure of that money. 
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Mr. Forney, Kailroad Gazette — Mr. President, I would state that I am 
acqaainted with Professor Thurston and have known him for several years. 
I know him to be a gentleman of very great ability in his profession, and 
one who has had considerable practical experience and has been engaged at 
the Stevens Institute now for several years. I believe him to be entirely 
responsible for everything which he might undertake to do both so far as 
his personal integrity is concerned and his ability to manage anything of the 
kind submitted to him. I have every reason to believe that the Stevens In- 
stitute is entirely responsible for any money which may be intrusted to them. 
So far as the arrangement proposed by Professor Thurston is concerned, I 
have not conferred with him before reaching here in regard to it, nor have 
I seen the document which was read to this Association ; and, therefore, 
I should not like to express any definite opinfon in regard to the advisability 
of doing anything about it without a little more consideration and hearing a 
discussion from the members present. I agree with Mr. Kobinson that any 
such thing should be acted upon with very great caution before we adopt 
any coui'se. 

Mr. Coleman Sellebs, of Philadelphia — Mr. President, as my name is 
used by Mr. Kobinson, I would state in reference to the Stevens Institute of 
Technology that it is probably the only institution in America devoted en- 
tirely to teaching mechanical engineering; that so far as that is concerned it 
would seem eminently fitting that it should have attached to it such a lab- 
oraty as is proposed by Professor Thurston. If the railroads of the country 
were to contribute a large sum of money toward founding this laboratory in 
connection with the Stevens Institute, there is no question but what Stevens 
Institute would be very largely benefited. It is now solely dependent upon 
the bequest of Mr. Alexander Stevens, who left about three quarters of a 
million dollars to be expended in this school. That has already been appro- 
priated, and with the endowment of professors their own means are probably 
limited. If this thing is built at all it will have to be built by outside 
means I should judge. As in the case of Mr. Forney I never had read the 
proposition of the trustees and never knew about it though I have had let- 
ters from Professor Thurston in regard to it several times. I think that it 
is there stated that those persons who contribute shall be represented in its 
management, pro rata, to the amount of their contribution. It seems to me, 
then^ that if the Master Mechanics' Association should induce the railroads 
of the country to invest a sum of money to be placed in that or any other 
institution it would hold to the Master Mechanics' Association the right to 
use it to the extent of their means. I do not think that such a laboratory 
can be started without a large sum of money is raised by all persons inter- 
ested in the questions to be decided by it. Mr. Hoi ley sometime ago thought 
the steel interest of the world hereafter was to be led with the chemists and 
not with the practical men ; that up to a certain point practical men had ac- 
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complished a certain result and there stopped, and progress -after that was 
entirely in the hands of scientific men. It is precisely the same in the 
higher mathematics. There is no question but what we have in the practical 
information of the whole of our own members an immense fund of informa- 
tion, but it is scattered. They are all working in different directions. The 
force of the institution is not concentrated, as it were, and it is eminently 
proper that in such a country as America there should be some place to 
which we could apply for that practical solution of questions as they come 
before us. This, as has been stated by Professor Thurston, can not be done 
by those who are unaccustomed to the mode of thought necessary for such 
investigations. These investigations can not be carried on hlindly ; they 
must be conducted by persons accustomed to the method of thought required 
in this study. Professor Thurston is one of those who prohahly promises 
better than any mechanical engineer who is acting as professor- in the 
country to fulfill the requirements called for. I have the highest opinion of 
him as an engineer ; and, without wishing to urge on this Association an ac- 
ceptance or rejection of the proposition of the trustees, I think it is emi- 
nently fit that it should be considered with a great deal of deliberation ; and 
the first step it seems to me in that direction is for this Association to find 
out how much money it could control for the purpose of carrying out such 
an idea. 

Mr. Setchel, Little Miami Bail road — Mr. President, I desire to aek 
the Committee on Mechanical Laboratory and the Convention whether this 
is a paper upon which we can take any definite action. It is not signed 
by the trustees; and suppose we should accept it, what is there to hind them 
to the proposition that they have made ? 

Mr. Robinson, Great Western Bailroad — It does not seem to me there is 
any particular difficulty, because if we take any action at all I think our ac- 
tion will be taken through a second special committee, either this one con- 
tinued a year or a new committee, who would have the care of investigating 
further and making sure of all the points being covered, and that committee 
would certainly see that all necessary steps were taken to insure legality in 
all respects, ^o I would suggest that whatever is done be done through a 
carefully selected committee. 

Mr. Wilson Eddy, Boston & Albany Railroad — Mr. President, if it is 
pertinent to the case I would like to ask how this money is proposed to he 
raised for this purpose ; if we as individuals are expected to contribute to 
it, or if it is expected that it will come out of our respective roads ? I, for 
one, if it is to come out of the society or out of us as individuals by contri- 
bution, should be opposed to the whole thing. I do not believe that it is 
our duty, it is not mine, when we look around and see how many of us there 
are that are liable to belong to the society only a year or two, and we see 
from year to year that our numbers change very essentially, some dropping 
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off and some coming in. I am inclined to the opinion that if we take the 
matter right home to ourselves or look at others, vre shall see that very few 
of us wi]l be benefited bj it. For one, I do not feel that I should be bene- 
fited by it many years, nor those whom I am directly interested in coming 
after me. If we ask our respective companies to contribute to us, so that we can 
control apparatus for these various purposes, will not they tell us that they 
%iad rather we would use our education to determine a more economical way 
of hauling freight, or something of that kind, rather than to be spending 
our time and their money for something in the direction proposed. This is 
a qaestion, it seems to me, that we better look to pretty closely. I generally 
calculate, whenever I take sides, that people* shall know where I am from 
the very start ; and, as I said before, if it is to come out of us individually 
bj contribution or as an association, for one, I am opposed to it. 

Mr. TowNB, Northern Pacific Bailroad — Mr. President, if I understand 
this matter in reference to the mechanical laboratory correctly, it is proposed 
to be self-sustaining entirely, and I do not understand how it can be conducted 
in any other way. Therefore, how it is to be self-sustaining is the question. 
If we are to contribute to the organization of a laboratory, or to the capital fund 
for the establishment of all this apparatus, the purchase of land for building 
aod all that kind of thing, then, I understand, it is to come out of the members 
and not out of any railroad company. It is our own personal hash, as I un- 
derstand it, and we are to receive any benefit that may hereafter come of it as 
individuals. I do not understand that any railroad company would be par- 
ticularly benefited in themselves, except generally as, of course, the whole 
country at large is. The question to my mind is, how it can be made self- 
sustaining unless the grounds that the trustees propose to appropriate in the 
future, for the purpose of a building and machinery, be at once appropriated, 
and a building sufiiuiently large to commence some sort of manufacturing be 
erected, so as to make the institution self-sustaining from the beginning. 
Then there would be some inducement for us, as members of this Associa- 
tion, to contribute a capital fund for the purpose of starting it. If there is 
any one that understands the matter differently, I should like to hear from 
them. 

Mr. BoBiNSON, Great Western Bailroad: — Mr. President, until some other 
member is ready to speak, I would refer the last speaker to a paragraph on 
the ways and means from the report of the Committee. It should not be 
forgotten that we have made our report independent, and that this action of 
the Stevens Institute has, as it were, if I may use a homely phrase, given us 
a very respectable lift. We have been pushed on one notch further than we 
ever expected to have got by this time; and I must say when I saw what 
had been done by the Stevens Institute, that I was very much surprised in a 
delighted way. I was surprised to see other people taking such an interest 
in the ^me thing. What they have done gives the subject such a new face 
8 
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that it seepiB to me we shall have to consider the matter some time further. I 
do not think there is one in this room who would go to his railroad company 
and place this subject before them in its present position. As we had it before 
us, it simply meant this — how the Master Mechanics, combining together, 
could supply themselves with the 7nodv» operandi of furnishing themselTei 
with theoretical information which they at present could not obtain. There 
it stood, a simple question ; and I do not think there is one of us in this room- 
but what, if we take the right means, could go to our companies, if they are 
intelligent companies — if they are not, we do not care to have anything to 
dn with them — but if they are intelligent railroad companies, then I think they 
would give sufficient money, which would probably take only a few cents per 
locomotive, to secure apparatus and instruments to be on call or ready for 
the use of any member of the Association. Had the thing remained in that 
state it would probably have amounted to only some fifty cents per locomo- 
tive, and is almost silly, I think, to talk about a company declining to give 
fifty cents per engine. One of the ordinary wipers in a shop will damage an 
engine more in five minutes than that. If the company should refuse to do 
that for me I would say, ^* Gentlemen, I am very sorry for you and I will 
pay it on your account.*' Suppose you take fifty cents per locomotive — as I 
understand, there is somewhere about twenty thousand in this country. I 
think every road ought to contribute that has sufficient capital to own a looo- 
motive at least fifty cents per engine for the class of information to be derived 
in this manner, and for the economical use of that information. Fifty cents 
a locomotive would give us $10,000, and by putting $3,000 more to it, mak- 
ing $13,000 ; it would be a very handsome sum to do all we ever ezpect.to 
be done. It would be our own property, subject to the will of this Associa- 
tion or to its special committee. Now, when you come to the new face pot 
on by the action of the Stevens Institute, it is a different thing. I fancy, if 
I were to go to our railroad company and ask them to give me the same donar 
tion that I should have gone to them for before, and tell them I was going 
to hand it over to the Stevens Institute, I think they would wonder what in 
the world I was talking about. That is not the same thing at all. One 
would be very proper in connection with the railroad, the other is proper in 
connection with some institution. . Bailroad- shareholders, as far as I know 
anything about them, have adopted this rule — that it is their business to 
provide a railroad and rolling stock, and to run that railroad, and to have 
nothing to do with any other business. Those railways that do that seem to 
be successful. Our line is so far bound down to that principle that they 
wont build even a house in an out-of-the-way place for a foreman or any one 
to live in, because it is not their business to buy or build real estate — so thai 
I think they would put this question on that footing. That is the way I see 
the difficulty is going to come in. It is new to me, as it was only last night 
that the matter came before us. Our President and Supervisory Committee 
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read this report over, and we were a little sarpriBed at the length and full- 
ness of it, as well as the subject matter. I am, therefore, totally unprepared 
to say what we ought to. do with it. I think all we can do is to ask what 
quefltioDs we can, and then defer any decision until we have had time to 
confer a little more about it. It may possibly be that we shall determine to 
leave it to the Committee for further inquiry for a year, or something of that 
kind; but I am certainly not, although chairman of the Committee, pre- 
pared to recommend you to make any fixed decision. 

Mr. Coleman Sellers, of Philadelphia — Mr. President, in reference to 
the use to which this laboratory may be applied, I took the trouble some 
time ago to inquire of one of the leading railroads what method of investi- 
gation and questions suggested would be referred to this laboratory. I found 
that they were very loth to spend any money in the purchase of apparatus 
to be used by their employees for that purpose. Some of the employees had 
suggested the buying of some of these very things that are needed in these in- 
vestigations. A few pieces of apparatus were purchased because they were 
deemed absolutely necessary ; such, for instance, as steam indicators ; but 
when it came to the question of microscopes, why, it was thought that would 
be more play than anything else, and it would not do. I then made inquiry 
as to how they expected to obtain the information they desii^ed. They said it 
was done entirely through experts ; that if a question came up in which it was 
necessary for them to arrive at a decision they did not wish to confine them- 
selves to any particular person or set of persons to give them the necessary 
information, and they looked about the country for practical experts in that 
direction, and paid for the information that was obtained. That was a fair 
case. Properly fitted up laboratories exist all over tlie country, and to them 
these matters are referred. It seems to me that it would be very injudicious 
for this Association to act hastily in this matter. I do not think that to lay 
it by for one or two years would be at all out of the way, provided some- 
thing was eventually done that would be of use. As Mr. Eddy has very 
justly said, there is no question but what the Society is a very evanescent 
one; it is one dependent upon people holding certain positions, and they 
remain active members so long as it is to their advantage to be mechanical 
engineers connected with railroads, but if they should leave that position in 
all probability their interest would be diverted from it. The Society exists 
totally difierent from such a society as we may say the Franklin Institute,, 
which is a society having a location and building, and its members, of course, 
die off and others are added to it, but its vocation remains fixed. Such an 
institntion can very well collect about itself a laboratory and apply its lab- 
oratory to the use of its members. But there seems to me a great many 
difficulties in the way of attaching a laboratory to an institution that if 
merely formed with men who come together because they are in a particular 
trade, and that is the position held by this Master Mechanics' Association. 
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I do not think that it would be a wise thing for the members of this Associ- 
tlion to be precipitate in anj action at all in regard to it. 

Mr. Eddy, Boston & Albany Railroad — Mr. President, the last gentleman 
bnt one who had the floor said that we had had considerable of a boost, and 
had been pushed on quite a notch. I admit it, sir; and I rather tarned my 
shoulder on it, thinking, perhaps, it would push us a little too hard. When 
anybody undertakes to push me pretty hard I generally calculate to see 
whether they are going to push me off a precipice or into some labyrinth or 
hole that I can not get out of. That is why I spoke as I did. As I said be- 
fore, I do not believe that the gentlemen here who compose this Association, as 
a general thing, want to contribute funds for this. As far as I am concerned 
personally I care but little about it. I can do it or not. Perhaps, if it is 
thought best after discussing it fairly, I should turn in and do as well as the 
rsst of them, but I shall oppose it for the present. As far as the railroad is 
concerned I agree with Mr. Sellers. It does not look to me, Mr. President^ 
when a railroad company on the occasion of such a meeting as this refuses 
to pass us and our wives and daughters here, that they are going to contribute 
to such a fund as this, and the acquaintance that I have had for a good many 
years with railroads induces me to believe that we should be knocking at a 
door that would not open to us if we undertook to get funds at the present 
time for such a thing as this. 

Mr. J. A. Jackman, Chicago, Alton & St. Louis Railroad — ^Mr. Preaident, 
at first, I thought I would not say anything upon this subject; but, as it is 
under discussion, I will claim the attention of the Association for a very few 
remarks- A laboratory would be a very fine thing — I would like to have 
one in our own shops, and I suppose every Master Mechanic would like to 
have a laboratory connected with his shop, where he could go in and 
examine things himself, or with the assistance of those he might employ; 
but if this Association has a laboratory situated somewhere in New York, or 
at any point, of how much real benefit will it be to some of those persons 
who live at the extreme point away from the laboratory. True, they can 
■end to this laboratory and ask questions. There are certain things that may 
be solved by those who have charge of it, but what is there that may be 
solved by it that is not already solved and tabulated statements made in 
regard to it ? Let us examine for a moment. Suppose you want to test the 
strength of iron. I ask a person how much iron will hold, so far as its ten- 
sile strength is concerned, and we send to this laboratory and ask them to 
make the experiment, and they do so and send word back that it will hold 
io much. Now, is that experiment, made by this laboratory, of any more 
value than the tabulated statements that you can find in a dozen standard 
works that have tested the same thing as thoroughly as it could be tested in 
this laboratory? Then, suppose you want to try the strength of iron in 
another way, and you send to them to have it tried in that way. They send 
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back a statement of bow much the iron will bear; well, that is all very well, 
bat haven't we got all such things? Isn't it all down? Are there not men 
continually working at these investigations and continually publishing 
books, and don't we have the result of what those men do by buying their 
books and reading them ? I have made it a point from year to year, as long 
as I have been engaged in the business, to test everything that I could test. 
For instance, I wanted to try the transverse strength of iron. I took certain 
pieces, and sometimes I have been to the expense of casting in the foundry 
a dozen or more pieces of cast iron, for the purpose of testing them ; made 
them one foot long and one inch square, and got them just as perfect as I 
could, and then laid them upon supports and put on weights until they 
would break. So far as cast iron is concerned I have tested it in that way as 
accurately as I would weigh tea or sugar, or any other thing that I might 
be dealing in. Then I would take wrought iron and fashion it out the 
length that I wanted, and plane it as nice and as square as possible, then put 
it upon these points and put on weight until it got a permanent set, noting 
all the time how much it would bear before it took a permanent set, and 
bow much it required to give it a permanent set, and how much it took to 
crush it or bear it down. Then I have tried all the different kinds of 
wood in that way, and I have tried iron by pulling it apart to test its tensile 
Btrength, and I have tried it with water and with steam and all those forces, 
just as far as I could go with the limited means that I have. I have made 
these tests and compared them with tabulated statements that I have found. 
My tests were not very accurate, probably, but in many cases they would 
agree very nearly with thes^ tabulated statements. Although a laboratory 
of the kind proposed^ if we could have one, would be the means of establish- 
ing certain things that we want to establish, and giving us the information 
about certain things that we want to have, but can we do this any more cor- 
rectly or any better than it is already being done? Suppose, for instance, we 
should take up the subject of astronomy, and should say to the person who 
has charge of our laboratory, get the telescope, or get other instruments, 
in order to measure the distances of stars and make other astronomical 
investigations. Well, we could do a good deal in that way, and make some 
measurements and calculations that are made by other astronomers ; but 
would we arrive at any more correct results than those others, and would we 
get any truer or better statements or descriptions than we can already get 
from standard books published in the country by men that have given the 
subject their utmost thought ? That is what I want to get at. Of course, the 
mere fact of its costing us money is of very little consequence. I think that 
a great many railroads would contribute something, and not a few of them 
would contribute liberally, to something of this kind if they could be made 
to see that it was going to accomplish the objects that they wanted — if it 
could be made to appear to them that it was going to be of interest to them 
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in money matters — but if not it would be of no use to us or tbem. What we 
are laboring for is something that will pay. The great point, Mr. President) 
of a Master Mechanic or a Superintendent of Machinery upon a railway is 
Success. If he takes hold of any road or occupies any place and becomes 
successful, and makes everything go well, he is useful and profitable; if he 
does not do that, he does not accomplish what is expected of him. It mat- 
ters not whether he is successful by means of the laboratory or by other 
means, his great object is success. So far as the different kinds of water and 
fuel that are used in locomotives are concerned, we have examinations with 
tabulated statements, and those tabulated statements are just as reliable, 
probably, as any that we should get from a laboratory that was under our 
own direction. I very well agree with my friend, Mr. Sellers, that this sub- 
ject will bear thinking of, and that it is not well to be hasty in regard to it. 
It may be, after we have given it sufficient thought and sufficient discussion, 
that we may conclude it is for our interest to raise this money and help 
establish this laboratory ; but it will not do to act hastily in the matter. 
What I have said has been said just for the purpose of drawing oat the 
views of the members present on this subject, and so far as they shall express 
themselves in regard to it, I hope they will say exactly what they think, 
and if they don't agree with me it is all right. My idea in regard to the 
matter is that, unless we should do something more than superhuman, we 
could not accomplish very much more than what is accomplished from year 
to year by those who do examine these subjects,' and publish the result of 
their examinations so that the whole world can have the benefit of those 
results if they choose. • 

Mr. Hudson, Rogers Locomotive Works — Mr. President, Mr. Jackman has 
made statements here that would very well justify us in inquiring why he 
was led to experiment at all, why he could not take the published statements 
and statistics in regard to the strength of iron, and not go to the trouble and 
expense of casting pieces of iron and hanging weights on them to break 
them. Why not take the tabulated statements already published on that 
subject? Why, the gentleman answers his own question by the simple 
fact that he wanted to ascertain the strength of some particular kind or 
piece of cast iron whi<;h was not like, perhaps, any other piece of cast iron. 
He might do the same thing with regard to some new kind of steel or other 
material which he could not find in tabulated statements. If everything was 
tabulate and .trained the same yesterday, to-day, and forever, what is the 
use of our coM||k here to discuss these matters and to interchange our ex- 
perience? If mibe things have been all done years ago, and are all recorded 
in these books tb/it are authorities, why can't we take them? Now, gentle- 
men, I do not think there is any question with regard to the necessity of 
experiments being tried, and of the most reliable information that it is pos- 
sible for us to get upon all these subjects. A great many people and a great 
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many large establishments provide themselves with means of testing their 
own manufactures and metals as to tension, tortion, compression, and every 
other quality. We all see that it pays them to do so, and it would pay the 
railroads to do it ; but I have no hope they will see it in that light. Let ns 
hope that they will contribute to pay the expense. If we do these things, we 
have got to tax ourselves; I am willing to be taxed to the extent any of you 
are for this purpose;. I will contribute as far as any of you out of my own 
means. I will not ask the company that I represent to contribute a dollar, 
because I do not believe they will do it, and I presume many of you are in 
about the same position. They are willing to avail themselves of our efforts, 
and our investigations and expenditures, but they say ''Because you are in 
car employ, the effort of your brain belongs to us." The railroad companies — 
the men- who hold the dollars — ^take a good deal such a view of the case. I 
am sorry it is so, but so it is; therefore, I say we must depend upon ourselves 
to raise the means for carrying out these objects. That the objects are 
important there is no question at all ; we ought to have the apparatus, and 
we ought to be enabled to solve the questions that may come up, and to solve 
them in a satisfactory manner. 

Mr. Forney, Bail road Gazette^— Mr. President, I move that the discus- 
sion be postponed and made a special order for twelve o'clock to-morrow 
noon. 

Carried. 

On motion, the Convention adjourned to nine o'clock A. M., Wednesday. 



SECOND DAY'S PROCEEDINGS. 

The Convention met at 9 o'clock, Wednesday morning, May 13th, Presi- 
dent Britton in the chair. 

The President — The first thing in order is discussion on the report of 
the Committee on Boilers. That Committee wishes a paper prepared by 
Prof. Joseph G. Rogers to be read, and some experiments to be made by him 
prior to the discussion. I now have the pleasure of presenting to you Pro- 
fessor Rogers, of Madison, Indiana. 

Professor Rogers then read the following paper, illustrating the subject 
as be proceeded with chemical experiments : 
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Paper of Joseph G. Bogers. 

To the American Railway Master Mechanics* Association : 

Gentlemen — Id investigatiog the subject of steam boiler incrus- 
tation, it will be necessary first, to consider the chemical constitution 
of natural water, the source from which all scale-forming elements 
are derived. 

Pure water consists of the two gases, hydrogen and oxygen in 
chemical combination. It holds nothing in solution or suspension; 
water as found in nature, however, is never chemically pure. By 
contact with the earth's surface and by percolation through its 
alluvium and rocks, more or less mineral matter is dissolved or 
carried away in suspension or mechanical mixture. Even the rain- 
drop brings with it from the clouds a certain amount of adventitious 
gaseous matter acquired by absorption in its passing through the 
air. The accompanying table exhibits the constitution of a variety 
of waters. 

It shows an extensive list of elements and a remarkable variety of 
relative propbrtions. 

By reference to it, it will be observed that sea water contains 3^ 
per cent, of saline matter in solution, about 25,000 grains per gallon; 
that of the Dead Sea 16^ per cent. Kiver and lake waters contain 
from 1 to 24 grains per gallon in solution, and a varying quantity 
in suspension, generally exceeding 10 grains; well and spring water 
hold but little in suspension, but in solution a quantity varying from 
10 to 150 grains. The relatively greater proportion of salt in the 
sea is due to the fact that it has been, since the beginping, the great 
reservoir for all the waters that wash the earth, and that by constant 
evaporation the solution has become more and more concentrated, 
the pure water vapors going back to the clouds to fall again as rain 
and run into the sea loaded with new saline increments. Besides 
these mineral substances more or less vegetable matter is found 
derived from the same source. Certain gases are also present in 
a free state; oxygen, hydrogen, carbonic acid, nitrogen and sul- 
phuric acid, the first three being always found in certain locali- 
ties; the waters of wells are impregnated with nitric and nitrous 
acids. The foremen tioned substances are found in a great variety 
of combinations. The quantity and character of the mineral matter 
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in any particular water depends entirely on the constitution of the 
earth, or rocks, over or through which it has passed, and upon the 
conditions of location, motion, and exposure to light, heat, and air 
which it has undergone. Upon this variety depends the variation 
in the adaptability of waters for use in steam boilers. On being 
evaporated the water escapes as a vapor, but the now volatile min- 
eral matter contained in it remains as a residue. The deposit of 
this residue takes place as shown in the following experiment : 

EXPERIMENT SHOWING MANNER OF SCALE FORMATION PER A RETORT. 

We place equal parts of salinated solutions of carbonate of lime 
and sulphate of lime. The mixture represents artificially a very 
hard boiler water, we now apply heat and observe the results. 

In the evaporation of any natural water, as ebullition goes on the 
contained free gases are driven off, since they are not soluble in 
hot water. As the presence of carbonic acid is necessary to the 
solution of the carbonate of lime, magnesia, and iron, these salts which 
are found in most waters are precipitated in a finely crystaline form, 
tenaciously adherent to whatever they fall upon. Sulphate of Limej 
which is commonly present, is soluble in 400 parts of cold water, 
but scarcely at all in boiling water, therefore as the evaporation 
proceeds super-saturation occurs, and this salt is thrown down in a 
crystaline form possessing a still greater hardness and tendency to 
adhere than the carbonates. The other contained elements which 
are all more soluble than those mentioned, are precipitated in the 
same way by super -saturation, the most soluble being the last to fall. 
As the quantity of water is lessened, the suspended matter gradually 
subsides and agglutinates with the other deposits. In a steam boiler 
the deposit tends to take place in the same manner, but the constant 
supply of fresh water and the occasional emptying out of the salin- 
ated water prevents the precipitation of the more soluble salts, these 
are retained in solution. Practically it is found that the deposit 
from all kinds of boiler waters consist almost entirely of the car- 
bonate of lime, magnesia and iron, and the sulphate of lime, 
scarcely more than five per cent, of other salts are found. 
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* BaprflBcnta totml Hmount ol kll tbe rennLluiag BlemooU- 

Bj leferanoe t« tbe Table of Analyses of Incrastation it will be 
eeen that io certaio depoaits the sulphate largely predominatea ; aach 
STe compact and very OTyslalline. Id others the carbonates are more 
largely preaent; Buch are friable and granular or !□ a state of fine 
powder. The deposit under ordinary management gradually aoeu- 
mnlates, becoming tbicker and harder. It is sometimes as dense aa 
porcelain and much tongber. Deposita contaioing siHca, under the 
influence of high heat, are sometimes converted into abaolato ^Ibbb 
by the combination of the silica with the lime and clay. 

In moving boilers where surface condensers are not used, a musty 
deposit of common salt is precipitated, but this incorporates only to 
a slight extent with the agglutinated incrustation of the before men- 
tioned salta of lime. This is prevented practically by keeping the 
boiler water below the point of saturation by more or less constant 
blowing. 

The €t>il effteti of icaU are due to the fact that it it relatively a 
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non-conductor of heat Its condacting power, as compared with that 
of iron, is about 1 to 37.5. 

The apparatus illustrating the relative conducting power of the 
two substances consists of a short brass tube into one end of which 
is screwed a short rod of iron, into the other a rod of very dense 
scale; the whole is suspended above a spirit lamp. so as to distribute 
the heat from the central brass piece. In a small cavity at the end 
of each rod is placed a detonating powder, which explodes at one 
hundred and twelve degrees Fahrenheit. In a few moments that 
on the iron rod will explode ; that on the scale rod will require a 
much longer time, as will be observed. It is readily demonstrated 
that a scale of one-sixteenth of an inch in thickness will require 
the extra expenditure of fifteen per cent, more fuel. This ratio in- 
creases as the scale grows thicker. The crust sometimes, when very 
dense and thick, will so interfere with the transmission of heat to 
water inside a boiler, that it is impossible to raise the required 
amount of steam by any amount of fuel that can be placed in the 
furnace. If a boiler be perfectly clean the contained water may be 
raised to any given temperature by heating the fire furnace a degree 
or two higher, but if any scale be present it will be necessary to 
heat it very much higher, in an increasing ratio, according to the 
thickness of the scale. To illustrate : To raise steam to a pressure 
of ninety pounds the water must be heated to a temperature of 
three hundred and twenty degrees Fahrenheit. If the boiler be 
clean this may be done by heating the fire surface to about three 
hundred and twenty-five degrees ; but if half an inch of scale inter- 
vene between the iron and the water, such is its non -conduction 
that it will be necessary to raise the fire surface to a temperature of 
about seven hundred degrees, almost low red heat. Now the higher 
the temperature at which iron is kept the more rapidly it oxidizes 
and undergoes molecular change. At continued temperature above 
six hundred degrees it soon loses its fibrous nature and becomes 
granular and is more or less carbonized. In this condition it is 
brittle, and under high heat liable to bulge or even give way to the 
internal pressure upon it. Weakness of boilers thus produced pre- 
disposes them to explosions and makes necessary expensive repairs. 
To obviate these evils, namely : danger from explosion, expense of 
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repairs, loss of time and waste of fuel, very many methods have 
been devised having in view the prevention and removal of scale. 
For this purpose picking, scraping, chaining, etc., are generally 
resorted to periodically. Such is the toughness and tenacity, how- 
ever, that mechanical force only succeeds in removing a portion of 
it, and is generally unsatisfactory, since, in addition, it is necessary 
to empty the boiler and allow it to get cool enough to enter, which, 
with the operation itself, requires a whole working day. 

Various mechanical contrivances have been and now are used 
to intercept the precipitated saline matter from the supply water 
on its passage through the heating apparatus. They consist essen- 
tially of a series of obstructions to the flow of the water. This lat- 
ter being heated to boiling by being intermingled with the exhaust 
ateam in the heater, the carbonic acid is driven off and a precipita- 
tion of the carbonates take place as exhibited in the retort, the de- 
posit accumulating on the shelves, straw, or other obstructions over 
which the water slowly flows. In this way large accumulations of 
the matter in suspension and of the precipitated carbonates are pre- 
vented from going into the boiler, and, being retained in the heater, 
may be removed very conveniently when opportunity is afforded. 
This plan, however, only partially remedies the difficulty since it is 
only the precipitated carbonates and the matter in suspension that 
is retained by this apparatus. The soluble salts all pass on to the 
boiler, and also a great portion of the earthy carbonates which can 
not be precipitated during the short passage through the heater. 
The scale in the boiler more slowly but as surely forms. Another 
variety of mechanical device for preventing scale is the sediment 
pan. This, of which there are many forms, consists essentially of 
a shallow vessel, which is placed at the bottom of the boiler, with the 
view of catching the precipitate and preventing its deposition on the 
inner surface of the shell. They are removed at intervals and 
cleaned. This plan succeeds in gathering much of the sediment, 
but much necessarially fastens itself to the boiler, and the scale, as 
before, continues to form. 

It is impossible to make any mechanical contrivances completely 
efficacious ; the great desideratum — perfect prevention — can not be 
attained by apy mechanical means. To chemistry alone can we look 
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for a complete method. For a long time simple chemical agents 
were used, in an empirical way, with a certain success. Some of 
these and their modus operandi I will notice : Molasses, fruits, slops, 
vinegar, cane juice, and a variety of vegetable substances, containing 
more or less acetic acid, when placed in a boiler at regular intervals 
will remove and prevent the incrustation to a certain extent. 

The acetic acid decomposes the carbonates, forming acetates, which 
are kept in solution and hence can not become increments of scale. 
The sulphate of lime and other salts are not affected by it, and from 
this the scale will gradually be formed ; moreover the iron of the 
boiler being open to the attack of the free acid will be gradually 
corroded, and after a time rendered useless if not dangerous. This 
fact alone ought to forbid the use of these agents. Starchy matter, 
in the various shapes, of potatoes, corn, oil cake, etc., has been much 
used. These prevent scale only by enveloping the precipitates with 
gelatinous matter, which lessens their weight and prevents their ag- 
glutination into a solid moss. 

Starch, as well as nearly all other organic matter, has a tendency 
to produce frothing of the water in the boiler, in which case the ex- 
act quantity present can not be determined by the gauge cooks. 
This is a source of great danger and ought to prevent the use of 
such agents. 

Oak, hemlock, and other barks and woods are operative in the 
prevention of incrustations on account of the tannic acid which they 
contain. Various extracts, such as catechu, logwood, etc., rich in 
tannin, are also used. Tannic acid decomposes the carbonates, form 
ing tannates, which are insoluble; but their specific gravity being 
light they do not subside, but remain continually floating in the 
boiler currents; and, moreover, being amorphus they have no ten- 
dency whatever to agglutination and therefore do not incrustate on 
those surfaces with which they come in contact. 

EXPERIMENT SHOWING ACTION OF TANNIN ON SOALE-FOBMINO 

WATER. 

Into a solution of carbonate of lime, made by passing oarbonio acid 
through lime water until it is clear or almost so, put a small quan- 
tity of tannin previously dissolved in distilled water. The resulting 
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precipitate is tannate of lime as above described. Carbonate of 
magnesia is decomposed in the same manner. 

Into a solution of sulphate of lime, made by pouring water through 
a filter filled with plaster of paris, put another portion of tannin 
solution. No reaction occurs, this showing that the sulphate of 
lime is not decomposed by tannin, and will form a scale notwith- 
standing its presence. 

The same objection holds against tannin, in its free state, as 
offered in the above-named agents, as does against free acetic acid; 
it will attack the iron of the boiler, though, as the tannate of iron 
is insoluble, the corrosion will not be as rapid as with the acetic 
aoid, which forms a soluble acetate with iron. To prove that tannic 
acid toill corrode metals, it is only necessary to put some of its 
solution into a solution of persulphate of iron, the resulting black 
precipitate is tannate of iron. The fixed alkalies are much used in 
the various forms of lye, ashes, sal-soda, caustic soda, potash, etc. 
These agents decompose the sulphate of lime, the resulting sulphate 
of soda or potash being retained in solution and the carbonate of 
lime precipitated. 

EXPERIMENT SHifWING THE ACTION OF CARBONATE OF SODA. 

Put a solution of carbonate of soda into this solution of sulphate 
of lime, and observe the precipitate of lime. The carbonates of lime 
and magnesia, held in solution by free carbonic acid, are precipitated 
by the appropriation of the acid to carbonates or bicarbonates of 
soda or potash ; but, as with the sulphate of lime, the crystals being 
larger, do not form so refractory a scale as when precipitated by 
boiling alone ; still, as these earthy carbonates form the major part 
of nearly all incrustations, this method, which fails to do more than 
merely modify their form and qualities without affording means for 
their voidance, deserves little attention. Ammonia and its carbonate 
have a precisely similar action, and are similarly objectionable. The 
alkalies have no corrosive action on the boiler; but, on the other hand, 
rather tend to prevent it by appropriating the free carbonic acid, 
which ordinarily combines with the insoluble crust of oxide of iron 
(iron rust) on the inner surface, forming a soluble carbonate which, 
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being constaDtly dissolved away from the iron, leaves a surface con- 
tinually exposed to fresh action. 

Muriate of ammonia is another means of obviation. This has its 
action only on the earthy carbonates. The resulting carbonate of 
ammonia being volatile passes off with the steam, and the chlorides 
of calcium and magnesium are retained in solution. This is a very 
efficient way of removing old scale, since the earthy carbonates con- 
stitute the greater portion of most incrustations. Its only objeotion 
is the ammoniacal odor in the steam. Petroleum has been highly 
recommended, but late developments in the oil regions of Pennsyl- 
vania lead mc to conclude that it has been found to possess corrosive 
action. The rationale of its action is difficult to give, owing to its 
chemical complexity. 

The foregoing are methods in which a single agent is depended 
upon. Many compounds have been devised with a view of over- 
coming all difficulties. Many such have been patented, and many 
more are sold as secret proprietary preparations. Tannin is the 
basis of most of them, generally in combination with various alka- 
line salts and some starch-bearing substance. These elements, some 
useful and some useless, I have found nearly always in a state of mere 
mechanical mixture, and not uniform in chemical^ionstitution. They 
generally contain more or less free tannic acid, which is objectiona- 
ble on account of the slow corrosive effect on the boiler, and an 
amount of insoluble vegetable matter wbich is liable to cause foam- 
ing. Besides these methods, in which chemical agents are put 
directly into the boiler, others have been devised in which the 
waters are depurated in tanks before entrance into the boiler. 
Clark's method consists of the admixture of lime simply. This 
precipitates the earthy carbonates by appropriation of the free car- 
bonic acid which holds them in solution. The newly formed car- 
bonate of lime, being insoluble without the presence of free acid, 
also falls; the supernatant water is drawn off for use; sulphate of 
lime and other salts remain untouched. This, in turn, might be 
removed by carbonate of soda — carbonate of lime being precipitated, 
and sulphate of soda being retained in solution. Another method, 
proposed by myself, consists essentially of the conversion of the 
earthy carbonates into soluble chlorides by hydrochloric acid, the 
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excess being neutralized by filtration through carbonate of baryta 
(witherite) in coarse powder. The soluble chloride of barium thus 
formed will decompose the sulphate of lime, the resulting chloride of 
calcium being very soluble, and the sulphate of baryta insoluble and 
very heavy. The latter subsides forming a deposit not easily dis- 
turbed. 

This simple apparatus^ will exhibit the action of this method. It 
• consists, as you see, of an acid reservoir from which through a small 
siphon drops the acid. Another from which pours the hard water 
artificially represented by a mixture of sol-sulp-lime and carbonate 
of lime — the funnel contains a filter of carbonate of baryta. As 
the water pours through the reaction before mentioned takes place, 
and the water is fit for boiler use. This may be proven by testing it 
for the lime salts by the introduction of the carbonate of soda solution. 
As we see no precipitate form, therefore there is no carbonate or 
sulphate of lime. By this method the carbonates of lime and mag- 
nesia and the sulphate of lime, which constitute ninety-five per cent. 
of the scale-forming matter, are completely changed into very soluble 
chlorides, which will not form scale under any circumstances. Tan- 
nic or acetic acid, the excess being properly neutralized by carbonate 
of soda, may be also used for tank depuration. With the tannin 
insoluble tan nates are precipitated; with the acetic acid the car- 
bonates are converted into soluble acetates ; the neutralizing alkali 
will decompose the sulphate of lime, producing soluble sulphate of 
soda and precipitating carbonate of lime. 

Another method recommends itself for water stations of railways, 
on account of its cheapness and perfection when properly applied. 
The carbonate of soda or potash alone may be used, as it will pre- 
cipitate all the lime and magnesia 9s carbonates. All these tank 
methods require supervision, and can not to any great extent influ- 
ence the scale already formed; and, as the removal of this is as 
needful as its prevention, it is palpable that, for general application, 
that method is best which attains the complete removal as well as 
the prevention of scale by chemical means operating inside the 
boiler. 

* Prof esior Bogers demonstrated hii method by an apparatus at the stand. 

9 
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As fulfilling this indication with ease and economy, and without 
damage to boiler, foaming, or any other untoward result, I haye 
devised a process which several years of extensive and varied prac- 
tical trial have thoroughly tested. Tannate of soda is the agent 
used. This is periodically introduced into the boiler or heater by 
any convenient means, in sufficient quantity to maintain a constant 
excess, determined by the presence of its peculiar color in the water 
at the gauge cocks. It is soluble, and being constantly present as. 
the supply water pou^s in, loaded with the scale-forming salts, the fol- 
lowing reactions are constantly going on between the tannate of soda 
and the carbonates of lime and magnesia: 

A mutual exchange of acids and bases occurs; the lime and mag- 
nesia are precipitated as tannates in a light, flocculent, amorphous 
form, so that they do not subside at all, but are kept circling in the 
boiling currents until they find their way into the mud receiver, 
there finally subsiding into a loose mushy sediment, which may be 
blown out very readily from time to time as it accumulates. The car- 
bonate of soda formed in the reaction is retained in solution, becoming 
a bicarbonate by appropriation of the free carbonic acid of the water. 
This decomposes the sulphate x)f lime, the resulting sulphate, soda, b 
retained in solution, and the carbonate of lime is acted upon at the 
moment of precipitation by fresh portions of the tannate of soda. 

The constant presence of the alkali protects the iron of the boiler 
from all action of tannic or carbonic acid, since both have a greater 
affinity for soda than for iron ; the alkali will keep both acids neu- 
tralized as far as the metal of the boiler is concerned. The lime and 
magnesia, however, having a greater affinity for the tannic acid than 
the soda has its acid action will be operative on these bases, produc- 
ing the results before detailed. The same reactions take place 
between the tannate of soda and the already formed scale ; its ex- 
posed surfaces are gradually disintegrated, the resulting sediment 
finding its way into the mud receiver. This superficial abrasion 
loosens portions of the scale, which can be removed at intervals of 
one to four weeks according to circumstances, until the boiler is 
clean ; after which it will be necessary to open the boiler only at 
long intervals for inspection, as the tannate of soda will keep it 
clean if properly used in sufficient quantities. 
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As the earthy carbonates and the sulphate of lime constitute the 
great mass of the mineral matter found in most boiler waters, and as 
the remaining constituents are soluble, and hence do not inorustate 
if the boiler is occasionally emptied, it will be seen from the fore- 
going that in this salt (the tannate of soda) we have an agent which 
perfectly fills the demand theoretically, and, as before stated, ex- 
tensive trial in all kinds of water has proven its practical efficacy. 
It is applicable to marine boilers, as well as those using fresh water, 
for the marine incrustation is very similar to that formed from 
the waters of rivers, lakes, etc., consisting as it does principally 
of earthy carbonates and sulphate of lime. The chloride of sodium 
of sea water forms a mushy deposit if supersaturation is allowed to 
take place, but it is incorporated in the scale only to a slight extent, 
and this is prevented by more or less constant change of water, by 
blowing out both from the surface valve and from the sediment 
receiver. 

EXPERIMENT. 

Into this tubulated retort we will introduce our artificial hard 
water, together with a small portion of tannate of soda in solution. 
The precipitate of tannate of lime immediately forms, and in the 
currents of ebullition we observe that it is carried about in a loose 
flocculent form, very light, and showing no tendency to adhere. In 
the tube of the retort, which corresponds to the sediment receiver 
of an ordinary boiler, we observe the constant accumulation of the 
precipitate, which we could readily conceive might be blown off. 

The length of time which I have already occupied forbids my 
noticing several other methods of scale prevention which have been 
proposed by myself and others. Before leaving the Bubject, how- 
ever, I will mention a simple method for determining the hardness 
of waters and their fitness for boiler use. 

DETERMINATION OF HARDNESS OF WATER. 

A saturated, filtered tincture of soap is prepared of proof spirit} 
and the soft soap pharmacopoeia ; also a solution of bicarbonate of 
lime, by passing carbonic acid gas through lime water till it becomes 
clear. An ounce of this is carefully evaporated and the residue 
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weighed. To another ounce of this solution is added, one minim at 
a time, with shaking after each addition, until a permanent lather is 
formed. The weight of the above residue in grains is to be com- 
pared with the number of minims required to produce a lather. 
This comparison will show how many grains of hardness will be 
neutralized by a given number of minims of the soap tincture. 
This tincture, thus roughly titrated, is to be added, one minim at a 
time with constant shaking, to an ounce of any water to be ex- 
amined, until a permanent lather is produced. The number of 
minims required will indicate by reference to the last operation 
the number of grains of hardness. Tincture of soap does not alter 
by keeping closely stopped, and by this simple agent, with no other 
apparatus than a minim glass and vial, the hardness of any water 
may be determined with sufficient accuracy to decide upon its fitness 

for boiler use. BespectfuUy, 

JOSEPH G. KOGERS, 

MadiaoUf Indiana, 

The Fbesidekt — Gentlemen, the discassion of the report presented yes- 
terday is n<»w in order. 

Mr. TowNE, Northern Pacific Railroad — ^Mr. President, I woald like to 
ask the professor some further questions in reference to the precipitation of 
that lime and magnesia contained in the retort. He assumes, as stated by 
the Committee yesterday, that the flocculent, amorphose form, which the 
water and the sediment assumes, will hold that in that condition until it 
reaches the mud receiver. The Ck)mmittee assert, it is a question then 
whether the flocculent amorphose form, which Dr. Kogers says the sediment 
assumes in the boiler by chemical action, and which floats in the current 
of ebullition until it reaches the mud receiver, where it may be readily 
blown out from time to time, does not lodge in its descent upon the tubes 
and internal surface of the boiler, while the water is at rest, and then be- 
come hard by the action of heat. Whatever sediment you gather in the 
end of your retort will remain there until the water comes in contact with 
it to raise it again. That is the view the Committee have taken of that 
condition of this sediment. Now, if you apply heat to that end of your 
retort where your sediment rests, will it not become hard in the absence of 
water? 

Dr. BoGEBS — ^No, sir, it will not. As far as I can illustrate this I can 
assure Mr. Towne that it will not. In order to illustrate, just change the 
boiling place. You see this is undergoing a change here for sedation. You 
will observe there that the sediment begins to rise immediately upon the 
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application of heat, and has no tendency to subside. The specific gravity 
of tannate of lime is such that upon the slightest agitation of the water it 
begins to rise. Repeated experiments have demonstrated that even if that 
should remain there in the retort a whole week, and then you put heat under 
it it would rise. That is a matter, of course, upon which it is important to 
have some testimony. 

Mr. TowNE, Northern Pacific Bail road — Mr. President, I do not claim to 
understand the chemical action upon those deposits, but after they are pre- 
cipitated by the action of this chemical addition if they contained any 
glutinous substance they must necessarily become hard by heat, as stated 
here in the report of the Committee on Boilers and Purification of Water, 
''the floating substance must necessarily settle as the water recedes, and 
should it again pass through a boiler full of tubes not more than eleven- 
sixteenths pf an inch apart without lodging upon them, just in proportion to 
the consistency of the roil, is not easily understood." Now, if that sediment 
settles to the bottom, it must lodge on these flues more or less, and if, as 
stated before, there is any glutinous substance in these sedimentary deposits 
it will become hard, and ordinary prairie mud which contains more or less 
clay will bake as hard as incrustation itself, almost like a stone. Therefore 
the Committee has contended from the beginning that the sedimentary 
deposit is as difiScult to get rid of as the incrustation itself, even though it 
may be entirely free from incrustating elements. The great trouble we have 
to contend with in locomotive boilers is to get rid of the deposit after we 
have precipitated it. Suppose we can precipitate it, the difficulty is not 
OTeroome then. There is no manner of means of getting rid of it in the 
locomotive boiler. Therefore I have clung to the first principles with the 
Committee, that the only way to get over the difficulty in locomotive boilers 
is to purify the water in some shape or other before it goes into the boiler. 
Bain water or surface water of any kind is very much better than most well 
water in the West. All the well water contains more or less lime of some 
kind, either sulphate or other kinds of lime which give us the most trouble. 
There is a good deal of magnesia in Kansas, and also in Dakota. Kain 
water, or surface water, is very much oetter than any well water. If rain 
and surface water together were allowed to settle before being taken into 
the boiler we probably would have very little difficulty, because there would 
be no sedimentary deposit to get rid of. Very many of the members here 
have had, I have no doubt, as much experience in this difficulty as I have, 
but, perhaps, have not given quite as much attention to the chemical or 
theoretical principles of the matter. Mr. Boone, of the Pittsburg, Fort 
Wayne & Chicago Bailroad, one of the worst roads in the country for scale, 
has tried all manner of experiments with boiler compounds and everything 
else, and does not seem to meet with any particular success. He says petro- 
leum has done as much good as anything else, and that, we all very well 
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know, will not get over the difficulty entirely. There is, of course, anj 
amount of room for discussion upon this subject. As the report is very 
full and contains my idea as well as that of the Committee, I will retire for 
some one else. 

Dr. KoGERS — ^Mr. President, in regard to the action of tannate of soda , 
Mr. Towne has referred to, the difficulty of getting rid of sediments after 
they are once precipitated. Now, if we can succeed in precipitating sedi- 
ment of such light specific gravity and of such slight tendency toward 
adherence, it seems to me that there ought to be no difficulty in blowing oat 
the sediment as fast as it forms, or at occasional intervals. Now, in regard 
to tank depuration, as I said before, if you want a method of tank depara- 
tion there are three or four that I have mentioned that I may say will be 
found more or less practicable in various localities. I think that the 
cheapest one for general use will be the carbonate of soda used in the tank. 
Introduce a sufficiency of carbonate of soda in the tank and give room for 
precipitation and you get all your lime right down to the bottom of the 
tank. For that arrange a siphon so as to draw the clear^water from above 
leaving the precipitate by itself and you will have a water which will have 
a very slight tendency to form scale. And really I have heard nothing 
which leads me to change my original conclusion that chemical means nsed 
inside of the boiler, perhaps, are as cheap as any ; but it does not mattw 
whether you use tannate of soda inside of the boiler or out of it. It will 
produce precipitation in the cold as well as in the boiler. I did show 70a 
that tannate acid had an action upon iron ; I want to show yon that tannate 
of soda has no action. [Dr. Kogers here performed some experiments illas- 
trating his lecture.] Tannate alone will act upon boilers, but tannate of 
soda will not, simply because soda exists as an alkali, protecting the iron 
and everything else from any acid action whatever. 

Mr. Jackman, Chicago, Alton & 8t. Louis Railroad — Mr. President, as I 
came up I held out some inducements to Professor Sewall, who is a pro- 
fessor in the Normal Institute^ to come up with me, and he consented. 
He is the gentleman who analyzed some water for the Convention a year 
ago or more, and I wanted him to cdme up in order to see the members of 
the Association and to make a trip to Chicago with me. As he has of late 
been analyzing some scale and water for me in our region^ it may be that 
some of the members of the Convention would like to hear some remarks 
from him, which I think he would be very willing to make if they should de- 
sire to hear them, with regard to his experience, so far as water ia concerned. 
Of course I will not urge it upon the members, but I would very much like to 
hear him. 

Mr. BoBiNSON, Great Western Bail road — Mr. President, I would propose 
that Professor Sewall be invited to address the Convention on that subject, 
and would move the Convention to that effect. 
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Motion carried. 

Professor Sewall — ^Mr. President 'and gentlemen of the Association, I 
think I can please joa very much by saying by way of preface that I will 
be very brief. I have given this subject a good deal of attention in the last 
three years, and I believe, Mr. President, that I have had theories enough 
to parify all the water that has fallen since the time of the flood; but, 
practically, I find myself very much in the condition that you all probably 
find yourselves in, still asking what can be done to prevent this great 
naisance of boiler incrustation. I have consulted authorities, English, 
French, Qerman, and American, and I believe, so far as I am capable of 
jadging, from the highest authority I find that the testimony is almost uni- 
Tersal ; and I am sorry to say, for I am not here to dispute, that it does not 
agree with the gentlemen (Dr. Rogers) who has just spoken to you ; that 
although means may be used to alleviate the disease somewhat, depuration 
before entering the boiler must be the remedy sought. In short, it is a per- 
fect devil and mast be kept out. In the experience that I have had with 
analysing boiler incrustations, such as Mr. Jackman and others have handed 
to me, I have not known of the ingredients used ; but I have found this to 
be true, invariably, that the quantity of matter and the quality varied but 
Tery little. As to the time the depositions were being made I have not been 
informed; but the quantity of matter, the quantity of sulphate of lime and 
the quantity of carbonate of lime, etc., I have found varied but very little; and 
from these three years' experience and a great deal of interest, for I have 
really neglected my bueiness because I have taken so much interest in the 
experiments, it seems to me that water must enter the boiler free from these 
substanoes that produce incrustation. I will detain you, gentlemen, not 
more than two minutes longer. Now, we have here one of the precipitates; 
I don't remember which one. It makes no difference, you see, although it 
was precipitated some time ago, or the ingredients mixed, that it has not 
fallen down in a literal sense — it has not precipitated — ^it is separated and 
held here in suspension. In depurating water in the tank I apprehend that 
will be the fact. I have conceived a notion that it might be precipitated in 
this way and then passed through charcoal-blocked filters or something of 
that sort, by dividing the tank and allow it to precipitate in one side and 
flow over through these charcoal filters in the upper part of the tank. That 
would not be expensive certainly. Then we would have pure water on the 
one ride and accumulation of deposit on the other side of the water tank. 
The precipitants that might be used have already been alluded to. The 
oxide of ammonia would be a very excellent thing, but I apprehend that 
onlesB some cheaper means could be devised for manufacturing it would not 
be practicable ; but that certainly would produce the desired effect. So 
the sum and substance of all I wish to say to you, gentlemen, is that from 
the highest authorities I can find, and I might quote to you Blocksome, 
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who speaks particularly on this subject, and who is certainly a rery good aa- 
thoritj, and Bacenius and Bano, an eminent French authority, who are very 
decided in their opinions that some plan be devised whereby the water 
could be purified of these deleterious matters that produce incrustation and 
then filtered in the upper part of the water tank so that pure water might 
flow over on the one side to use. But here is another difficulty. The trouble, 
as I find by the report of Mr. Towne, is sometimes this and sometimes that. 
Usually, and in fact most always, the incrustation is made up of the. salts of 
lime — from eighty-seven to ninety-five per cent, of the incrustations are the 
salts of lime — but you have iron and you have magnesia and silica. Now, 
all these peculiar combinations, whether acting chemically or mechanically, 
must be treated differently, so that the location and geological section of 
country that you are in must determine what remedy is to be used. In fact, 
gentlemen, it seems to me that the report of Mr. Towne, so far as I under- 
stand this matter, is all gospel. I met him this morning and I remarked 
that if this had been a Methodist meeting and I had been attending I should 
have said amen. Thank you, Mr. President and gentlemen. 

Mr. Coleman Sellers, of Philadelphia — ^In corroboration of what has 
been last said, Mr. President, and also in support of the report of the Com- 
mittee, I would like to observe in reference to one particular kind of water 
with which we have to contend against the difficulties of incrustation : 
namely, [that from the Schuylkill river which, according to this Table of 
Analyses of Waters, is a very good water indeed. That water boiled 
for a considerable number of years in the same boiler produces a sediment 
that is very hard, and I have seen it an inch thick. It is formed mainly of 
sulphate of lime. Mr. Whiteman some years ago told me that carbonates 
of soda placed in the boiler would, in all probability, answer the purpose 
and keep them clean. It has been used by a number of boiler users, and 
some say it answers the purpose and others that it does not. In one case, 
that of Mr. James Hunter, of Hestonville, near Philadelphia, who has large 
printing works, had a nest of old boilers that were condemned as useless. 
Instead of throwing them away entirely he passed water into the top of one 
and out of the bottom of it into another so that the water communicated 
through the whole of them and all were filled with water. The waste heat 
of the apparatus, the piston and the chimneys, passed over the whole of 
this surface and kept them heated. As has been said by Dr. Bogers, sul- 
phate of lime is not soluble in hot water, though it is in cold. The result of 
applying hot water deposits the sulphate of lime, and the water passed into 
the boilers in a clean condition free from these salts of lime. That experi- 
ment was continued during a period of nearly fifteen years, and during the 
whole of those fifteen years the boiler into which this water was passed, pu- 
rified in these heated tanks, never had the slightest sediment in it, while 
all other boilers in the establishment were coated with more or less sedi- 
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ment. One boiler after another of these that were submitted to heat were 
gradually clogged up with sediment so that they had to be torn out and 
thrown away, and finally the experiment ceased when the last boiler only 
remained. In regard to the treatment'of boilers by those incrustating com- 
ponnds, there are a great number of owners who have applied to us to use 
their compounds in our boilers. We always tell them that nothing shall go 
into the boiler unless we know the chemical compound of the substance. 
Well, they have said that that was their trade secret. *' Very well, then," 
we say, " we can not try it ; if you have not confidence enough in us to 
know that we will not divulge your secret then you had better go away ; but 
if you will tell us specifically what is in this we have no objection to trying 
it, because we suffer, as all other people do, from this cause." In one case 
a gentleman explained to us what was in it, and I asked him bow it was he 
made up the bulk that he had in his barrel of material. " Well," he says 
'^ the fact is it would not do for me to sell it in the condition it really exists 
because in that barrel there is one pound of substance and the rest is saw- 
doBi, and so on. It is going it pretty blind, you know, when you have to 
bay a barrel of sawdust to get a pound of material. That is the way he 
made up the profit. There is one substance that we have used in our boilers 
that I think must have been tannate of soda. It looks exactly like that 
mixture and behaves like it. It was sold to us as a patent boiler anti-incrus- 
tator. We took that finally, and I think it is the only one we did try, and 
from the experiment we tried with it it acts very much as Dr. Eogers shows 
it to act here ; but it was ascertained that it would remove scale from the 
boiler. We tried that three different times. We have got a boiler that is 
what the French call hete noir — it bothers us a great deal. It is a heavy 
boiler, coated up about a half inch thick, and everything we could do for 
months with this preparation did not efi*ace the scale. .1 would like to 
ask the doctor whether it is calculated that this will act upon scale after it is 
formed. 

Dr. BooEBS — I will remark, Mr. President, that there are a great many 
compounds before the public at the present time which are practically tan- 
nates of soda, and they are gotten up in an empirical way without any refer- 
ence to proper chemical combinations. Some are neutral, some are acid, 
and some alkali — I could specify, perhaps, two dozen. In regard to the 
action upon very heavy scale, there is a specimen of scale from a rolling 
mill [exhibiting specimen] which in the course of a few months was entirely 
eradicated by tannate of soda. I would make a further remark, that if we 
prevent the gradual increase of the scale formation completely, the expan- 
sion and contraction of the scale from alternating heat and cold, we will 
gradually get rid of it. The river men are all aware that sometimes even an 
occasional change of water will produce a falling ofi* of the scale in the 
boiler. This change of action is brought about by a change of deposits, 
which have no tendency to adhere to the original deposit. Being not of a 
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homogeneous character it readily splits off and the scale comes away. If we 
can deyise any means that will prevent the formation of new scale the old 
scale will gradually come away itself; where it is excessively dense, as it is 
in that specimen, it is almost like agate, and many months may be required 
to remove what already exists. If we prevent the formation of new scale we 
may undoubtedly expect to get rid of our scale already formed. As to what 
the preparation was that Mr. Sellers refers to I do not know, but there is a 
considerable number of preparations before the public now, some patented 
and some proprietary secret compounds, which have for their basis tanoin 
combined with various substances, and some of them are practically tannate 
of soda. 

Mr. F. B. Miles, of Philadelphia — ^Mr. President, before we close the 
discussion I have a small mite of testimony that may possibly be of some 
use, at least may throw a little light upon this subject of carbonate of soda. 
We have in our place an upright boiler; we have it constructed especially 
because we have to contend with very heavy scale. Our establishment is on 
the banks of the Schuylkill river, and in spite of this analysis we are very 
much troubled with a heavy formation of scale. I think it partly owing to 
our being where we are, perhaps, subjected to a greater amount of residanm 
in the water pipes than they are where Mr. Sellers' establishment is ; but, at 
all events, we have an upright boiler, made for the purpose, with one hundred 
and sixty tubes in it, the upper part of the crown sheet rounding and the fire 
box tapering, made of steel. At the level of the crown sheet we had eight hand 
holes made to clean the crown sheet off; at the bottom of the water space 
we had eight hand holes to clean the mud out. We tried in this boiler aati- 
incrustators and all sorts of sediment catchers, and everything, and our 
engineer happened to know that carbonate of soda, or what he called plain 
washing soda, would do it. So we commenced to use that on the scale, and 
we cleaned it readily so as to prevent a very heavy formation, bat it 
got as much as an eighth of an inch thick on the crown sheet and in the filre 
box, and we then applied this carbonate of soda, and after suffering it to 
remain in there two weeks the plates we found perfectly clean and bright* 
We have never had any trouble since we commenced using it. We now 
apply it occasionally, perhaps once every three months, and we have no 
trouble whatever in keeping the plates clean, or the tubes either. 

Br. BooEBS — Mr. President, I remarked in the paper which I read that, 
for tank depuration, the carbonate of soda would answer every purpose, 
because it has the desired action upon the carbonates and magnesia and lime, 
as well as upon the sulphate of lime. Of course, in the boiler it will neces- 
sarily answer the same purpose, and, as has been remarked, it will do admi- 
rably, particularly where there is a preponderance of sulphate of lime, and 
I have no doubt Professor Sewall will corroborate that statement. While 
I am up I would like to ask him what he meant by the statement that the 
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authorities did not corroborate wbat I said. I bave spent some fifteen 
jears studying up on this matter, more or less, and been engaged in the- 
practice of medicine, and am just as enthusiastic on the subject as he is, and 
want the matter thoroughly elaborated. 

Professor Sewai^l — ^Mr. President, I am very sorry I did not succeed in 
making myself understood. I said I did not wish to say anything that Dr. 
Bogers said was not so, or in his opinion, as to which was better — to cure the 
disease after it was established, or to prevent the disease — was not so. I 
wish to say and to be understood that the authorities, so far as I know, are 
universal in believing and state as their belief that the better way i^ to 
prevent the disease — that is, to depurate the water before it goes into the 
boiler. • 

Mr. Jackman, Chicago, Alton & St. Louis Bailroad — ^Mr. President, I 
have had some experience in experimenting with boilers so far as scale is 
conceMied, and if time would admit to relate the experiments tbat I have 
made I should be very happy to do so ; but to relate the experiments that I 
have made in full would take me at least two hours. Therefore, I will not 
inflict such a thing as that upon this Convention, but I will claim, if the 
Convention is willing, a very few minutes, and be exceedingly brief in stat- 
ing some few experiments that I have made of late, leaving all of the old 
experiments out of tbe question. For a year past and a little over a year 
ago I have been experimenting with two boiler compounds. I am not, per- 
haps, at liberty to state exactly what they are, although I have had them 
yery critically analyzed and know what tbey are, and I suppose that when 
joa simmer it down to a point, if it is not the same as tannate of soda, in its 
action it produces the same effect that tannate of soda does. We have a 
large stationary boiler that has been in use some five or six years. After 
making it new and using it two years, and using water that contained a 
large portion of lime and a large portion of magnesia, a mixture of magnesia 
and lime, I found that it had incrustated so that on the crown sheet there 
was a very hard scale of more than ap inch and a half in thickness ; and the 
result of it was that it burned the crown sheet out entirely and cracked all 
over so that I had to take the boiler up and get the crown sheet out and put 
in a new one. After putting in the new crown sheet and setting the boiler 
al work, some time ago I took a compound, and ^e man wanted I should 
give it a thorough trial. I told him I would do so — that I would give it the 
most thorough trial it could have — and I gave instructions to the man who 
had charge of the boiler to put in as much as he saw fit, twelve or eighteen 
pounds at each time when he put the compound in. He has followed that 
now for nearly a year, and I have examined the boiler from time to time as 
it has been cleaned out, and to-day, although I do not have very great faith 
in boiler compounds or anything of that kind, if you will examine the 
crown sheet of that boiler it is almost as clean as that sheet of paper, and 
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the tabes are also almost clean. I had occasion, not more than two weeks 
ago, to take oot two of the tubes, which we took oat from the holes throagh 
which thej are pat in, and thej came oat easilj and readily; and on examin- 
ing them after they were oat we took a little water and poored on them, and 
washed them off so that they were nearly dean. A while before I nsed 
these compoands, daring the first portion of the time that the boiler run, 
those tabes in that part of the boiler where these tubes were taken oat were 
coated almost half an inch thick. As we cleaned this boiler oot we took out 
frt>m forty to sixty gallons at each time, and sometimes more. I have 
cleaned it out about once in two weeks, and it is clear lime and magneraa, 
soft and plastic like mortar, or softer than mortar — ^it is liquid so that it will 
ran oat. We took out from forty to Hxty gallons at each cleaning, once in 
two weeks, and by that means kept the boiler dean. I have looked into the 
hand holes, and held a light up to look on the wall of the fire box, and on 
the sides of the boiler all around, and I found thsi and the stay bolt^^ean. 
Then we have plugs so that we can reach through over the crown sheet and 
the crown bars. We take those plugs all out and put lights in all mroond 
the leg and crown sheet, so yoa can look right under through all the parts 
and see the crown sheet; and the crown sheet is very nearly dean, and has 
been during that time. Now, there probably is some merit in this material 
that we put in, and were it not for the cost of it it would perhaps be good. 
It is probably profitable to use in stationary boilers, but we could not use it 
in oar locomotive boilers for the reason that it produces soch a state of foam- 
ing, using it as copiously as it ought to be. So ftur as our locomotives are 
concerned I have been trying another compound. I have had that analysed 
also in order to find out what its constituent parts are. I have used that 
very extensively, putting sometimes eighteen pounds into a boiler. Where 
you put eighteen pounds of that into a boiler, and if you have got a heavy 
freight train to pull, it will sometimes make the boiler foam ; but you may pat 
from twelve to fourteen pounds in 4 boiler running an ordinary passenger train, 
and it will run that train without any difficulty so far as foaming is concerned. 
There have been two or three cases where the engineers have objected to 
running with that in their boilers, and one in particular running a ten- 
wheel engine pulling a heavy train of sometimes thirty-five or forty cars ap 
a grade. He complained that it made his boiler foi^m. Others use it and 
don't discover the difference. But I suppose where you put in as large 
quantities as that the result is to make the boiler foam to a certain extent. 
While we can get along on lighter trains where the service is not so hard, 
on heavy passenger trains I should not want to use it, because I should fear 
it would cause some foaming, and by that means retard the train. As to 
the results of these compounds I took two boilers and commenced with 
them about the same time, running in the same direction and doing pre- 
cisely the same service. I run one of those ten months and the other 
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four months, and I found in the one that had run ten months the deposi- 
tion of scale on the tuhes, that this compound was on, was equal to that 
which had run four months. I took the tubes out and they ccUipered alike 
on the outside over the scale ; but while the scale on the one in which the 
ooni^pound was used was comparatively soft, and if you took it off, was 
friable, the other was harder than a flint, and could not be got off except 
we took chisel and hammer and cut it off. Now, as to the interior part of 
the boiler. In this boiler that I used this compound in we have what is 
called a water bridge. I commenced to use this after the fire boxes in these 
boilers were nearly worn out, and I took them both up and renewed the fire 
boxes. After I got the fire boxes out I had the most ample opportunity to 
see what the result had been ; and still in the one where we had not used 
any of this compound the scale was quite thick in the water bridge on the 
inside, and the other one was comparatively clean ; and on the one where 
we had used this compound, if you let water through it forcibly and then 
rubbed it with your hand you would wash this scale all off, while on the 
other, where we had not used this compound, it had that hard scale on that 
forms on this section of our road — the section between Bloomington and East 
8t Louis. I could not help admitting that the effect of this compound had 
been to a certain extent good ; but then the great question comes up again, 
can you afford to use it? can you afford to pay the price that we have to 
pay for a compound like that, and use from twelve to twenty and sometimes 
twenty-five pounds per week in your boilers? Does it not cost more to do 
that than to do the ordinary work of taking the tubes out and cleaning 
them and getting the fire boxes out after a certain time and putting in new 
ones ? or, in other words, do we derive benefit enough from the use of this 
compound to pay the cost of using it? That is the great question with me. 
I will say that so far as the effect produced is concerned, the same effect will 
be produced by what Dr. Kogers recommends, that is, tannate of soda. In 
regard to another idea advanced by Mr. Towne, to the effect that these sub- 
stances were as difficult to get rid of when precipitated as they were when 
formed in the form of scale upon the boiler ; I do not exactly agree with 
my friend Towne in that particular, because I find that when we can pre- 
cipitate the matter that is in the water into the bottom part of the boiler 
that it does not usually grow hard, and that we can get rid of it very much 
better after it is precipitated, we can find means to take it out. If it does 
harden eventually it takes a very long time to get hardened. We run over 
a certain portion of our road reaching into Missouri where we get surface 
water, and that water is impregnated with clay largely, and we experience 
no very serious results from the use of that water. We can send boilers 
over there that will leak on any other portion of our line so that we can 
not run them without fixing them, and after using that water a little while 
they become tighti and. after a while when we want to clean them we take 
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out all the hand-hole plates and run water through, and mn rods in there 
and wash that material all out, which is nothing but clay. Onlj a few days 
ago I was examining one of these boilers that had come back that had been 
running over there some time, and I could put my 4iand up in at the hand- 
holes at the bottom and take out large bunches of nothing bat soft clay, 
and when a man goes to work scientifically to wash them out this clay will 
come out very copiously. It seems to wash out with the water, and it giTes 
no trouble. We are not troubled with the flues leaking, and we are not 
troubled with the crown sheets incrustating so as to bum out, and we hare 
yery great relief when we run engines in that section of the coantry. I 
find that the great difliculty which we have to contend with is, first, the 
lime, which forms a hard scale; then the lime in connection with magnesia 
which forms magnesium limestone, and is a good deal harder than lime 
scale; and then on some sections of our road we get a good deal of dear 
salt that produces a bad effect on the iron, and on some sections of the line 
we have a few alkalies that form a very acrid kind of substance in the form 
of scale, and that produces a bad effect upon the boiler, because it will work 
out through any little seam wherever there is one in the boiler, and nnless 
the boiler is made perfectly tight in the beginning you have no poasible 
chance of stopping it except by caulking, or re-riveting, or using some 
means to bring the iron so perfectly together that there can be no leakage. 
Now, these are a part of the results of experiments that I have made in 
this scale business and different kinds of water, and, as I said before, if I 
were to relate all the experiments that I have made it would take at least a 
good two hours, but I will not inflict such a thing as that upon this Conven- 
tion. I thank you for the very kind attention you have given me thus &r. 
Mr. Jeffrey, Illinois Central ]&ailroad — Mr. President, I presume we 
have all had more or less experience in the use of locomotive and stationary 
boilers, and I think our stationary heater with lime catcher would cost, per- 
haps, two hundred and fifty or three hundred dollars. The interest on that 
would be, say twenty-five or thirty dollars, and the wear and tear might be 
twenty-five or thirty dollars per year more with the engineer giving it the 
proper attention. That would be about the expense that the company or 
the owner of a stationary boiler or boilers would be put to in the continued 
use of that kind of boiler. The discussion has assumed a little wider range 
than is signified in the heading embracing the question for this Committee 
to investigate. It started out, I believe, with the management of locomotive 
Boilers and the purification of water. I think for the stationary boiler 
there can be no question but that a heater and filter combined with it would 
be the simplest and the cheapest. We have one in operation at the shops 
in Chicago, of the Illinois Central Bailroad Company, which has been run- 
ning there for four or five years, perhaps longer, and we do not have as 
much scale form in those boilers in two years as we had in three montlis 
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before we introduced this beater. It consists simply of a heater for precip- 
itating carbonate of lime and magnesia that are held in solution. Then 
after the water passes from the heater it passes into the filter, and there the 
floating impurities are Altered out, and then the water passes into the boiler. 
At nights in the winter time we have occasionally used that boiler, and then 
the heater, of course, is worked, the stationary engine not being in opera- 
tion, and we find that in winter time scale does deposit in the boiler, but 
in the summer time when we use the heater entirely at the time the boiler 
18 being used, we have no deposit whatever. In regard to locomotive boilers 
it would seem to me also that the proper plan would be to do as the Com- 
mittee recommend — purify the water before it enters the boiler. Either 
do that or adopt another recommendation of the Committee, and form res- 
ervoirs at convenient points along the line, and use rain water drawn into 
the reservoirs by the req uired slopes at the sides. The company's right of 
way might be utilized in a matter of that kind. A right of way, for in- 
stance, one hundred feet wide, would give over four hundred and thirty-five 
feet in length of road to the square acre of surface, but then we will throw 
ont the amount that may be used for tracks; in fact, we will say that there 
are about fifty feet in width of the right of way actually available for sur- 
face to receive rain water. That would give in the neighborhood of forty 
acres, perhaps, to every twenty miles of road. Now, it seems to me, that 
in constructing a line of road that matter might be held in view by the 
engineer in charge, and the embankments, slopes, ditches, and drainage 
made such as to lead the surface or rain water toward the reservoirs at such 
distances apart as might be deemed necessary. That would avoid the 
necessity of going from the company's right of way for a supply of water. 
In regard to marine boilers, it seems to me that it would be necessary, 
more than with any other class of boilers, to purify the water after it enters 
the boiler. So, you may say, that carrying the reservoir along with them, 
they find the water wherever they happen to be, and whatever impurities 
are received in the boilers must be settledN right there. I do not see any 
other way of doing it. 

Mr. WooD&UFF, Central Railroad, Iowa — Mr. President, I would like to 
ask Mr. Jackman what class of compounds he used in his boiler? 

Mr. Jackman, Chicago, Alton & St. Louis Bailroad — One of the com- 
pounds that I have been using is manufactured by Morrison & Co., of Cleve- 
land, and the other is manufactured by a man here in Chicago by the name 
of Lighthall. I think it is called " Lighthall's Boiler Purifier." The man- 
u&ctory in Cleveland is called the " Excelsior Boiler Compound Manufac- 
tory." These are the last two I have used. 

Mr. WooD&UFF, Central Kailroad, Iowa — I would like to state a little ex- 
perience that I have had with those two compounds. We have a well at our 
shop and it has the worst water to contend with that I have ever come across. 
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It is very hard, so hard that as it drips from the plunger and drips off the 
boiler it forms a scale in a very short time, and the boilers scale so that we 
have to take out one set of tubes that have not been in there to exceed a year* 
and we find nearly a quarter of an inch scale there, and in the fire box from 
three-eighths to one-half of an inch formed during that time. Previous to 
taking them out I used both of these boiler compounds. Now, I want to 
make a remark here, that in the length of a hundred miles of road the wa- 
ter is not all alike. Very many times we are contending with river water 
or well water, and with the difference in locality there is a difference of 
chemical composition of water. What will precipitate in one tank will not 
in another — one compound will not do everything for the whole line of a 
road. In the first place I used the Morrison compound, but I could not say 
that I got any good result from it. The scale kept on the increase all the 
while, and finally it got so bad in the fire box that it burned it out and I had 
to drill holes in there and run rods through to get it out. It was entirely solid 
in some places Afterward I got Lightall's and used that compound, but 
did not get any real benefit from that. Well, I got discouraged. Thirdly and 
lastly, there was a man who lived at the north end of our road by the name of 
Hewitt — ^previous to this I had seen Mr. James Waters, of Southern Minne- 
sota — and Mr. Waters stated that Mr. Hewitt had tried a combination of his 
there and made it dean his locomotive boiler effectually. These boilers that 
I was trying these experiments on were stationary boilers and built just like 
other boilers. He said it cleaned his boilers out effectually, and I wrote to 
get this man Hewitt to try his experiment on our boiler. In the composi- 
tion there was no secret, only he got it patented. I can tell yon what it 
was — muriatic acid. I put into that boiler sixty-five pounds of muriatic 
• a«d. I put it around the fire box and through the hand-holes. There was 
where the trouble was. Then the fire box was shut and we let it stand about 
twenty minutes, filled the boiler with water, and got up about twenty or 
thirty pounds of steam, and let it stand about two hours and blowed it out. 
Well, he claimed that this would let the thing all loose. In a measure it 
did soften it, but it did not loosen it up. There appeared to be another 
composition in there besides the lime itself. We took a bottle of solution 
and put the limestone in it. It relieved the limestone perfectly, but it 
only eat what lime there was, but the balance of sediment, whatever it was, 
was as hard as iron itself, and it would not disturb it, but I could by putting 
in my rods where I had drilled in, and putting in a plug through the han(l- 
hole, I could work this off. In a great many places I got material off the 
iron, say half an inch in thickness. In that way I worked two-thirds the 
scale ofl' from around the fire box, and the composition, aside from that, did 
not do any particular good. I will remark that after using this and blow- 
ing it out, we afterward put in sal soda and molasses. The object of it was 
to neutralize the effect of this muriatic acid in case it tended to do any 
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damage. I think the molasses and soda did about as much good as the rest 
of it. Finally, I had to take the flues all out and put new flues in the 
boiler. Since that time I have been using sal soda alone, and the deposit 
has not been near so much. The boiler is washed every week. The en- 
gineer puts in about six pounds of sal soda every week and the deposit is 
nothing to what it was previous to that, but it makes the boilers foam for the 
first two or three hours, after that it don't trouble during the rest of the 
week. But there is so much difference in the composition of water on the 
line of roads from one end to the other, that the trouble is there is no one 
composition that will answer the purpose. 

Mr. Jackman, Chicago, Alton & St. Louis Railroad — Mr. President, 
I want to make a statement in regard to the use of muriatic acid. I know 
physicians sometimes give us tremendous doses of calomel and then give us 
a dose of salts afterward to counteract the effect, and I should think that 
sixty-five pounds of muriatic acid might pretty effectually fix a boiler. They 
bring us, perhaps, twenty diff*erent boiler compounds, and they are pretty 
expensive sometimes if we make the experiment as thorough as possible. 
With these last two that I have used, I started out with the idea that nothing 
should stand in the way of my making the experiment as thorough as possi- 
ble. As to the result and as to what I would recommend: As I stated in 
the first place, the one that we used in the stationary boiler we could not use 
at any rate in locomotive boilers because it would make them foam, and 
the other that we did use in the locomotive boiler we could not use as exten- 
sively, as it ought to be used in order to produce a good effect. Then, again, 
in regard to the different kinds of water that we have, take the whole sec- 
tion of our road, while they may work very well in one place they might 
not work well in another, but in the use of them as extensively as I have 
used them, and as thorough as I have made the experiments, I could not 
say but that they had done some good ; still I have no great faith in boiler 
compounds for getting rid of scale. That is what 1 want the Convention to 
understand. In the first place, if you find a compound that will do it you 
have got to use so much that the cost of it is more than that of cleaning the 
boiler by the other process of taking the tubes out once in twelve or fifteen 
months, and putting in new fire boxes when the old ones burn out. The 
sum total of what you pay for these compounds you put in the boiler for 
cleaning, and washing will do but little more than make new those parts 
that you burn out, so that if possible, and if these compounds are feasible so 
far. as expense is concerned, to purify the water before it goes into the boiler 
is undoubtedly the true method. The boiler compounds are a good deal 
like a patent medicine. I have a little anecdote that I sometimes relate to 
these men who bring boiler compounds along, and it is this: Along in 1854, 
when the cholera was in the country, I happened to be in a section where 
there was a good deal of it. There was a certain physician who attended a 
10 
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man working for me who had been taken sick with the cholera in the after- 
noon, and this physician gave his attention to him until nine o'clock in the 
evening when he left him, and another man and myself stayed with him 
until he died. This physician that had gotten up this compound purposely 
to cure the cholera, came along the next day, and says he: "I thought I 
had a preparation that would knock the cholera higher than a kite. I was 
perfectly sure of it until I tried it on that man, and now I think my medi- 
cine might cure a mild case of diarrhea, but it isn't worth a penny for the 
cholera." It is a good deal so with these boiler compounds. 

Dr. Rogers — Mr. President, following the remarks of Mr. Jackman, I. 
would say that medicine is not an exact science ; being a physician mysell 
I am able to answer and make that statement dogmatically, but chemisti 
is an exact science. In regard to the treatment of this question of the 
purification of water, whether it is in the boiler or out of the boiler, in m^ 
opinion, makes not a particle of difference. If it is thought best by th( 
Association to recommend purification of water by tank depuration it if 
very easily accomplished. But I think that the general opinion of the Asso^ 
elation is rather wrong, at least that is my opinion, in regard to the feasi^ 
bility of the plan of the purification of water inside boilers so as to prevenr 
the formation of scale. I have been much pleased with the remarks of- Mi 
Jackman, in regard to the feasibility of getting rid of sediment, and hi. 
statement corroborates my own theories. 

Mr. Hudson, Rogers Locomotive Works — Mr. President, I agree mainl ^i -My 
with the idea of purifying the water before it is made use of for locomotiv< 
where that is practicable, but we all know that there are many railroa< 
where it is entirely impracticable, and that they have to resort to 8om» 
chemical method, or chemical and mechanical combined. It is very ii 
portant that the water should be kept from forming these solid deposits it 
the boiler, and in the use of these compounds, I think in place of using thei 
in very large doses they should be used in small doses ; and in getting rid 
the deposit there ought to be some mechanical means devised for collecting. 
these deposits near the surface of the water, because they all come to th. 
surface so long as the boiler is in active operation, and blowing them oi 
every hour or two. In that way they are not allowed to accumulate so 
to be injurious or form in the shape of hard scale or get in the mud 
a place for the sediment to deposit. It is important that the matter shoula 
be got rid of as the water is evaporated. The mud drum at the bottom c 
the boiler is of no use for the collection of this matter so long as the boil« 
is in active operation. The mud, or what separates from the water, wil 
settle there the moment you stop using the boiler. A separator to be useful 
must be near the surface of the water, and at that portion of the boil* 
where it is as far as possible removed from the agitation due to ebuUitio 
In other words, if it gets into this mud trap it must not have any 
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tanitj to get out. In Cuba, where the water is of a very bad character, 
sediment collectors have been placed in many of the boilers, near the sur- 
face of the water, and they are so constructed that as the water flows 
through them the mud gets through and settles there because there is no 
current and it can not get out. It is used in connection with a surface blow- 
oflF cock, which is periodically opened, and by that means this matter is got 
rid of. With regard to one argument of our friend Jackman, who says that 
lie does not know whether it is better to sufler the evil of burning the 
lK>iler8 and having to replace them or use these compounds, I will say a 
word. I think there is one element he has not taken into account. It is 
not simply having to replace the tubes and the fire boxes, but it is the addi- 
tional fuel that you have got to burn when the boiler is all scaled up. I 
think when Mr. Jackman comes to count the whole cost he will find it is 
•very much in excess of using some reasonable and common-sense compound 
for removing the scale. 

Mr. Jeffrey, Illinois Central Railroad — Mr. President, I desire to ask 
Mr. Towne one or two questions. In the first place I would like to know if 
the Committee made any estimates in regard to the cost of purifying water 
before it enters the boiler ? 

Mr. TowNE, Northern Pacific Railroad — No, sir. 

Mr. Jeffrey, Illinois Central Railroad — I think that that is quite an 
important consideration. The main point with railroad companies will be 
as to the cost of the different methods ; is it cheaper to use boiler anti-in- 
crastators and these various compounds, or is it cheaper for one thousand 
gallons to purify the water before it enters the boiler, or is it cheaper for 
one thousand gallons to have reservoirs for catching rain water? I think, 
gentlemen, that those are important points, and it would be well to have a 
careful estimate made in regard to the cost in each of the three cases; and 
I thought perhaps the Committee had taken that matter under advisement 
and bad some figures to offer. 

Mr. Towne, Northern Pacific Railroad — ^I would state to the Convention 
that the expense of purifying water was very generally referred to in former 
reports, giving the cost of purifying water by certain processes and the cost 
of extra fuel necessitated by the increased formation of incrustation, taking, 
for example, the figures as given by some of the best authorities we have. 
It is stated in Dr. Rogers' paper, as well as in other papers that I have no- 
ticed, that scale the thickness of the sixteenth of an inch will require the 
extra expenditure of fifteen per cent, more fuel. As the scale thickens the 
ratio increases ; when it becomes a half an inch thick, or even three-eighths 
of an inch thick, the heat necessary to heat water through that scale will 
convert iron into the state of cast iron. I wish to say a few words in refer- 
ence to Mr. Jackman's statement concerning the deposit of sediment. I 
have some statistics here to prove its effect, and before reading that I will 
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say that if our engineers and other boiler managers were perfectly reliable 
or infallible, we could depend on them to get this sediment out after it be- 
came loosened by the use qf boiler compounds. It seems to me hardly 
necessary to discuss the matter of boiler compounds. Everybody knows that 
there can be compounds prepared, and that there are, that will soften boiler 
incrustations. You can prepare a compound that will dissolve any kind of 
stone — boiler incrustation is nothing more nor less than stone itself in some 
form or other — and we will admit, must admit, that the scale can be dis- 
solved ; but the question comes in whether we get rid of this difficulty by 
dissolving the scale or not. I contend, sir, that we do not in locomotive 
boilers, and I claim that it is quite impossible to do so. Now, it is stated in 
this report, regarding the injurious effects of the deposit of sediment that, 
referring to the inspection made by the Hartford (Connecticut) Steam Boiler 
Inspection and Insurance Company, for March, October, and November, 
1873, the whole number of boilers inspected during the three months was 
7,173; of this number 2,161 were inspected internally and entire, 3,290 
were found defective. You will notice a very large number of boilers were 
found defective; cause, incrustation and scale 587, dangerous 50. When 
boilers are not cleaned frequently impurities in the water become concen- 
trated and act very injuriously on the iron. Suppose you put your com- 
pound into your boilers and soften the scale, what good does it do unless 
you blow it out? It is still in the boiler and you must get rid of it or you 
gain nothing. Do your engineers open the blow-off cocks every day ? I 
think there is not one of you who will say they do, and why? Because we 
do not enforce it. We find it almost impossible to do that. I have dis- 
charged engineers on my own road within the last three months for failing 
to comply with the rules in reference to using the cocks to blow sediment 
out of the boiler. But this does not even get them in the way of using them 
properly. It is a matter of great diflBculty to get them to attend to it. No- 
body attends to it on stationary boilers particularly. Of course those em- 
ployed in the management and running of stationary boilers and engines are 
not generally, and in fact very seldom, as competent men as locomotive en- 
gineers. We have some very competent and intelligent men running locomo- 
tives, while some of them, as all understand, are quite to the contrary. Deposit 
of sediment 570, and 82 dangerous, 20 of which were very bad. The whole 
number of burnt plates which were attributed to the deposit of sediment 
207; dangerous 87. It will be seen that nearly half of the whole number 
of defective boilers became so on account of incrustation and deposits of 
sediment ; and, strange as it may seem, there are forty per cent, more danger- 
ous cases from the deposit of sediment than from incrustation itself. This 
was an inspection made by the Steam Boiler and Hartford Insurance Com- 
pany, who make it their business to insure boilers and buildings in which 
boilers are kept and run. The Committee state here, *^ This evil in locomo- 
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tive boilers is as difficult to overcome as that of incrustation itself." Now, 
I would like to know if it is not? Can you wash out a locomotive boiler 
after you precipitate the lime and the incrustation ? How can you clean out 
the cylinder part of the boiler without taking out a flue? Suppose you have 
a hand-hole plate in the front end, in the flue sheet, then how are going to 
get at it unless you lay your engine up for two days to do it ? It can not be 
done. You must take your boiler in and lay it up for that purpose, and 
there is not a road in the country that could spare their engines for that 
length of time except the Northern Pacific, where we have forty off service 
just at present. I don't see how you are going to get over this difficulty 
unless you purify the water before you take it into the boiler. The business 
of the Committee is not for any particular patent, or any thing of the kind. 
Tannate of soda, no doubt, will remove a large proportion of this incrusta- 
tion by dissolving it. The boiler compounds spoken of here, I have no 
doubt, are just as meritorious ; but the question is, will they remove the 
diflficulty? As I stated before, the business of the Committee is to submit to 
this Convention a feasible, plausible remedy, something we know will pro- 
duce the desired effect. You may recommend, if you please, these boiler 
compounds for the removal of this scale, and it might be adopted by this 
Convention, but in two years' time we would run right back into the same 
old channel we are now in ; we would have just the same difficulty to con- 
tend with that we have at present, from the fact that just as soon as the ex- 
citement, or whatever you may term it, subsided, men would get careless 
about the use of the article. There is no use of using any thing at all unless 
you keep it up. I have no doubt that some boiler compounds if put into 
the boilers and they were washed out properly, and it was followed up, 
would remove all the scale. Perhaps tannate of soda will do the same 
thing. But can you do this practically ? Will you do it, and will it pay 
you to do it? Here is an article spoken of in this report called steatite talc, 
or pulverized soapstone, which is spoken of very highly by foreign engineers 
and parties in Paris who have tried it. If it will do the work as well as 
other boiler compounds, or if it will soften the scale, it would appear to be 
the cheapest thing of the kind because we have soapstone all over our 
country. It underlies the soil of the Northern Pacific nearly its entire 
length, and probably would not cost a cent a pound pulverized in shape to 
use. I have just commenced to use it simply for an experiment. I speak 
of it because it is so highly spoken of by these parties who have tried it. 
Marie, chief engineer of the Paris, Lyons & Mediterranean Railway, says 
that it has a very desirable effect upon his boilers. You will notice that the 
blowing out and washing of the boiler must necessarily come in. After you 
loosen these incrustations you have got to get rid of them. You will notice 
right in the very place where you want to wash are steam pipes and ex- 
haust pipes in the front end in the way of it, and it is a very difficult thing 
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to get at ; so it seems to me that if we use boiler compounds at all that it 
must be followed up, and your engine must be laid up for the purpose of 
washing them out after you put them in there. I can not really say any 
more than is said in this report. There are, of course, some little points 
connected with the subject that it might be well to discuss, though so far as 
boiler compounds are concerned there is no question but that they will 
soften the scale. The question is now, how shall we get rid of it ? I desire 
to show the Convention, while the subject is before them, a sketch of a res- 
ervoir for the collection of surface water. There are very many places in 
Dakota where the land is very much as through here. This sketch is 
almost fac simile of one place we have there. There are very many places- 
in Illinois, in fact, in all States where a dam can be thrown across a ravin< 
and the surface water collected so that you can get heighth enough from, 
your track to employ a small water crane in connection with flumes, 
letting water from the reservoir into one of these flumes and allowjng it to^:^*^ 
settle, and taking it out through the water crane, you will get pure surfac^^^si^e 
water free from sediment. I have found in all my investigations that th^^ ^c^e 
sediment is the worst thing we are troubled with. Of course incrustation is Ml is 
a very bad thing to get over, but if we used surface water or rain water, icM-^f in 
which there is a great deal less lime and other incrustating impurities thaar..^^n 
in well or river water, we would get rid of this depasit held in suspensioncr:^' ^n, 
and we would have but very little incrustation in our boilers. There is noc^ ^lot 
sufficient lime or other impurities contained in this surface water to iiM=:K:^n« 
crustate a boiler or flues to the thickness of a sixteenth of an inch in tw^^^^rnvo 
years' time. 

Mr. Hudson, Kogers Locomotive Works — I would like to ask Mr. Towim:::k: "ne 
if he can introduce filters into those reservoirs? 

Mr. TowNE, Northern Pacific Railroad — I contend that a filter is n^ .mr-^ot 
necessary. Filtering is a slow process of purifying water, settling is just ^k as 
good, if it is not better. There are two flumes or tubes represented here (■ ^ nii 
this sketch, and one of them is intended to settle the water while the wat^^ -^^f 
is being used out of the other, and alternating in their use. This is a: -^f- 
ranged so that whenever the water is let in sediment deposited can l^^^e 
washed out. 

Mr. Miles, of Philadelphia — I would like to ask Mr. Towne whether tbri:^^ 
action of this steatite talc .is chemical or whether it is mechanical in i '^s 
action, like starch or potatoes — whether it merely forms a nucleus for ttrr»® 
action of these particles of carbonate and sulphate of lime? 

Mr. TowNE, Northern Pacific Railroad — The analysis of steatite talc ^^ 
given in the report. 

Mr. Miles, of Philadelphia — Is steatite talc chemical in its action, pr^^" 
venting incrustation, or does.it merely act as the other mechanical substance ^^ 
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do, such as starch and potatoes ? I do not mean the chemical constitution of 
steatite talc, but its action. 

Mr. TowNE, Northern Pacific Kailroad — I am not prepared to say what 
that action is. I simply have it here in the^report as I received it from other 
parties. Perhaps Dr. Kogers can give us some light upon this subject. 

Dr. KooERS — ^In answering Mr. Miles* question I would say the substance 
can have no action whatever except as he suggests — exactly the same action 
as starch and other gelatinous preparations — namely, it constitutes a nucleus 
for the deposit of the elements of scale formation to save the iron. If I mis- 
take not, in this report there is something mentioned of that sort. Certainly, 
in looking over the chemical constitution, I can see no action it can possibly 
have upon the scale other than that of forming a nucleus for its deposit. 
One thing I want to say in regard to sedimentary deposit. We must get the 
sediment. Talk about waters which contain no sediment originally. Sea 
water contains no sediment at all. The scale that we have formed from rain 
water is harder than any other. The sediment we get from operating chem- 
ically upon rain water must be of a sort and of such a specific gravity and of 
such non-adherent qualities that it can not possibly form a scale. If it is of 
light specific gravity the sediment which is produced by chemical action upon 
such waters will necessarily be of a non-adherent quality. That is what we 
want to obtain, and any agent that will produce a sediment of this character 
in the boiler will answer the purpose perfectly. If you will observe this re- 
tort you will see that the sediment which is formed is perfectly light and 
flocculent. It would have no tendency to adhere to iron. Other chemical 
agents will produce the same result. That is what we have got to do — pro- 
duce a sediment which can be gotten rid of instantaneously without divert- 
ing the locomotive from its duty for any length of time. There are a vari- 
ety of chemical agencies that would certainly accomplish this end. This 
statement is readily demonstrable, and we have a demonstration of it in the 
experiment here before us. Now it seems that the question of getting rid of 
the sediment has become very important. I think a proper course of exper- 
imentation will satisfy any member of the Association that it is quite possi- 
ble to produce a sediment that can be readily gotten" rid of. It is an easy 
Daatter to get a sediment that will not then incrustate because of the residu- 
ary heat in the boiler. If you allow this retort to remain here for a week or 
Tear, then on the application of a lamp to that portion of the tube where the 
lediment is now gradually collecting, that sediment will rise and pass around 
ihrough the current of ebullition, just as it has been doing now. I think 
>liat is a sediment that only requires a little experimentation upon to pro- 
duce complete reduction. In regard to the use of chemical agencies inside 
iteam boilers-»-I am not a very rich man, but I will guarantee that quite a 
^^ariety of chemical agents can be arranged and introduced into steam boil- 
^rB, the cost of which will be paid for over and over again by the cost of fuel 
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which is saved, and I will contract to keep any locomotive boiler clean with 
tannate of soda, or carbonate of soda, and with a variety of other means, for 
the cost of the fuel saved. 

Mr. Jackman, Chicago, Alton & St. Louis Railroad — Our time, I know, is 
about up, but with reference to some remarks of my friend Towne, I wish 
just to make a simple statement. He seems to think that we do not wash 
boilers efiectually. I wish to explain a little as to what we do. We have a 
regular corps of boiler washers at every place where we have an engine 
house. If the engine house is small, and there are only a few engines, there 
is one man ; at our Bloomington engine house we have four whose whole 
business is to wash boilers. The question is how do we wash them. An en- 
gine comes in, and as soon as it has cooled down a little so that we can take 
the fire out, before the steam goes down, we open the blow-off cocks and take 
out one or two hand-hole plates at the bottom, and let all the water out as 
forcibly as ten or fifteen pounds pressure of steam will carry it out. A man 
then opens the front of the smoke-box and takes out a hand-iiole plate in the 
bottom part of the cylinder of the boiler, and puts a hose up in there and 
washes out through the tubes as much as he can. Then they run rods through 
and wash it all down. They take another hand-hole plate out on the front 
of the leg of the boiler. As a large portion of our engines have the water- 
bridge in, that lets them out into the water-bridge so that we can run the 
rods up all through that part. Then we take out four hand- hole plates oa 
the bottom of the leg of the boiler. Then wfe have, just above the crown- 
sheet, on a level with the front of the sheet, five or six, and sometimes eight 
blocks, so that we can reach in under the crown-bars, clear through to the: 
crown-bars between every row of rods. Then I have adopted another plan. 
Our boilers are mostly boilers made on the wagon-top plan, and on the front 
part, just front of the flue sheet on each side, I cut a large hole two and one- 
half or two and three-quarter inches in diameter and cap it, nnd screw brass 
plugs in there. In addition to all the other, we can take those brass pluga 
out. Then we take those plugs out and put a light down in there, and take 
a hook and hook all the loose stuff that we can find out, and run a rod down, 
between the tubes as far as we can, and put a hose in there and wash it at 
the same time ; so that we wash just as thoroughly as we can all throueh the 
boiler. It has been asked how often we do this. On our road we do it as 
often as once or twice each week. No engine is run more than a week with- 
out its being washed, and many of them are so cleaned twice each week ; and. 
we always run water through until it comes out clear. Then, with regard tc» 
this sediment that settles from the use of boiler compounds, I will direct my^ 
attention more particularly.,- An engine came in in which the compound had 
been used for a long time — a month or two — and I wanted to see what the 
effect would be. The engine had a mud drum. I blowed off, and I thinic 
there were about sixty or eighty gallons of loose mud that came down. Tha« 
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18 dififerent from anything we had ever had before ; and that attracted my at- 
tention more particularly to the compounds that might be put into boilers to 
dissolve the scale ; and that shows also with what readiness it can be gotten 
out. I think all of our Illinois Master Mechanics^ particularly, know some- 
thing what washing boilers mean, and I think that all roads in Illinois go 
pretty extensively into that business. I think it costs them some money too ; 
and I know that we wash our boilers effectively, and I believe all the rest do. 
T:b.b President — I would state to the Convention that on yesterday you 
voted to call up the question of the mechanical laboratory at twelve o'clock. 
If til ere is no objection,* before we take up the mechanical laboratory ques- 
tion, ire will have a recess of ten minutes. 

TxcB Pbesident — ^The business in order now before the Convention is dis- 
cussion on the mechanical laboratory, which report was read yesterday. 
Before the discussion I wish to say that there is a Committee on Subjects for 
anotlxer year's discussion, and that any member who has subjects he 
w-islies brought before the Convention to be acted upon during the year, can 
••Vail himself of the opportunity to present it to that Committee that it may 
^ presented to this Convention. All subjects are requested to be presented 
"®fojre two o'clock this afternoon. The discussion on the report of the Com- 
'^^^^'tec on Mechanical Laboratory is now in order. 

^^i". Setchel, Little Miami Bailroad — Mr. President, I move that the 
i*epoi:»t of the Committee be divided, and that the paper of Mr. Thurston con- 
^aiixi^jg the proposition from the trustees of the Stevens Institute be laid on 
^^ tsible for one year. 

^^**. OsBOBN, Grant Locomotive Works — I was about to move that the 

■**^Xe subject be referred back to the Committee to report at the next annual 

^^ting, and I will offer that motion as an amendment to the motion before 

^ Oonvention. 

^"^X". Setchel, Little Miami Bailroad — I could not accept that amend- 



E Pbesident — Then the question is on the original motion. 
•^^r. Chapman, Cleveland & Pittsburg Railroad — Mr. President, would 
^^ the laying of that report on the table prevent its being printed in our 
"*^**ViaI report? I think it would, as it was received and, as I understood, 

^^ to be printed in the report. 
»^ -^"^r. Setchel, Little Miami Bailroad — I would then modify my motion 
. ^ *iioving that action upon that part containing Professor Thurston's letter 
postponed for one year. 

otion carried. 

; President — The discussion of the papers presented by the Com- 
^"ttee as an appendix, which were prepared by Professor Thurston, is post- 
^^^^d for one year, but will be printed in the report. The discussion in 
DOW IB on the original report of the Committee. 
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Mr. Jackman, Chicago, Alton & St. Louis Bailroad — Mr. President, 
although I do not pretend to say anything particular upon this subject, yet, 
as no one seems to be willing to open the ball, I will say a few words in 
regard to it. In what I said yesterday, so far as the laboratory was con- 
cerned, I expressed the opinion that the laboratory was a very yalaable 
thing, but with this understanding, that it might be impossible for us to have 
a laboratory connected with this Association, and located in some particular 
place, that could be made useful to all the members of the Association and 
to all the roads with which those members are connected. Now, there are 
one thousand and one things in a railway line that we want to test. For 
instance, the question is often asked of the Master Mechanic, how many cars 
his engine can haul ? or, what is a load for an engine to take ? and I always 
think if they want to put on to an engine all that it can pull and then add 
one car after that, I always say to them when they ask me a question like 
that, after we know the size of the cylinders to the locomotive we know the 
length of the stroke to that locomotive, and we can determine in our own 
minds how mucli pressure of steam it is advisable to carry in order to pull 
loads over the road — after we have fixed that, then, if we know the grades 
in feet and inches, we can very readily approach the point as to how much 
the locomotive can pull up those grades. We, for instance, figure up what 
the tractive power of that engine is, and then, if you put on more cars — that 
is, if you put on a sufficient number of cars and a sufficient amount of 
weight — expecting that engine to surmont a certain grade under those con- 
ditions, you have got to carry steam enough in your boiler to counteract this 
force of gravity which has to be overcome in going up the grade. In the 
first place, we want to fix with a dynamometer how much in pounds it 
requires to propel the ton over the track that is level or ordinarily level; 
then, after we get at that point, when we get to the grade — after we know 
the rise per hundred feet — we can figure how much additional power will be 
required to draw this ton up that grade. This can all be determined by the 
dynamometer, because, if we have one that is thoroughly reliable, attach it 
to the engine and then to the train; let the engine surmount the grade, and it 
will show how many pounds are pulled in order to take that train up the 
grade. If we have this dynamometer, and if we have all this other appa- 
ratus connected with the laboratory, and it is situated down in the State of 
New York — in New York City, for instance — is it so situated that all the 
roads, or a considerable portion of the roads, may be able to make a good 
and scientific use of it. This seems to me to be the only objection that 
there is to the establishment of this laboratory. For instance, in another 
point of view which I spoke of, we want to test the strength of certain iron or 
a certain wood, or any other substance of which we want to test the tensile or 
the transverse strength, we have got to do it by making use of some instru- 
ment by which we can test this. Now, what I thought was like this, that 
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are so mcany men engaged in that business — the United States Gov- 
3Dt and all the governments of any considerable proportion on the face 
3 earth are all the time engaged in testing the strength of iron, and in 
g the strength of steel; and besides governments there are various 
iduals — there are manufacturing establishments that are doing that; 
f we undertake to do it ourselves we get no better results than those 
ated statements which we get now in a printed form ; and if we can not 
ij better, if we can not get any better results than what are already 
;ht before us, would it not be a useless expense, so far as we are con- 
d, to do that? For instance, here is a little portion of a laboratory on the 
before you for testing water, and if we should carry it on to a very con- 
ible extent we should want a considerable of a laboratory. Dr. Bogers 
3II us something near what we should want if we went extensively into 
business. Inasmuch as there are so many chemists employed all the 

and as they are publishing, from time to time and from year to year, 
ssults of the experiments they make, is it possible, or if possible, is it 
ible that we should get any better results than what ¥^e get through 

chemists that are all the time engaged in this business, who give us 

tabulated statements, and who give us the results of all the experi- 
3 they make ? That is the question that I want brought out, and that 
lid like to have discussed by the members of this Association. I hope 
jvery one will be free in the matter. 

. Hudson, Bogers Locomotive Works — I would say with regard 
}ting apparatus and with regard to chemical apparatus, I think the 
litude of the railroad interest of this country is very much greater 

the interest of some private establishments that employ chemists 
lave a laboratory of their own. I believe it is the practice of a great 
r of these brewers to keep a chemical laboratory. They have a chemist 
i whose whole time is devoted to that subject. Again, in an iron manu- 
ry, these blast furuace men in making the iron it is necessary for 
. to have a chemist, and they keep one. Again, the large manufacturers 
on have all the means of testing both the tensile and the tortional and 
* strength of the material they are making, and it is not that we are not 
to get accurate results, or the results of their experiments; as Mr. Jack- 
says, they are already tabulated ; we can get access to them, but that is 
^hat we want. Many of us can recollect that a few years ago there was 
ich thing as Bessemer steel — Bessemer metal, if you like so to call it. 
e was no such thing — ^it is a new metal — and there are various quali- 
>f it, not only of Bessemer but of other steels that are in the market. 

we want to test some particular brand — we want to know whether it is 
ted to the purpose for which we require it, and therefore we want some 
ratus by which we can test it. A railroad like the Illinois Central, 
the New York Central, like a great many other of our large railroads 
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in the coantry, con Id afford to have all this apparatus belonging to then 
selves, and they oaght to so have it. In the absence of that it devolv< 
npon the Master Mechanics of these railroads to fhmish themselves wit 
the necessary apparatus for arriving at conclusions, which may be im porta] 
for the purpose of carrying on their business ; and in that view of the cai 
I think it is important that the Master Mechanics' Association should hai 
some apparatus, at least, and some means of determining these questioi 
that may come up from time to time. It is true there are difficulties wit 
r^ard to locations, and many other points. It may be said that- the 
things are not all accessible ; a man may have to travel two or three thof 
sand miles, or get the apparatus sent to him. That is all very true, and i 
the long run it will pay for doing it. 

Mr. Sellers, of Philadelphia — It seems to me that there is no doubt i 
all but what a laboratory of the kind spoken of would be of very g^eat m 
to the community at large. There is no question but what it would be 
very great use to the members of this Association ; but, as I said yesterda; 
the very fleetiug nature of our Association, the constant change of membe: 
ship, and the wide separation, involves difficulties that it is very hard I 
overcome. I think it would be well if there is no action taken, at least tL 
year, in regard to the establishment of such a laboratory, to make earef^ 
investigation of the experience of similar societies abroad, as, for instanc 
the Society of Mechanical Engineers in England, which is really a ve: 
celebrated association, composed of mechanical engineers from various pai 
of the world. Mr. Robinson may be able to state whether they possess 
mechanical laboratory, but my opinion is they do not. I think there m, 
some troubles which would be quite difficult to overcome in the forraatic 
of such a laboratory, but which we may be in time able to overcome. B 
the great value that would accrue to the community at large from such, 
laboratory is not the testing of particular specimens of metal that we mig^l 
want, but the original researches of the professors who might be engag< 
in them. Tyndal said at the end of his lectures, quoting De Tocquevill 
that scientific research would never prosper in a republic. I don't kno 
that De Tocqueville was right; but, in fact, I am inclined to think th; 
he was wrong, that there are a- great many gentlemen in this country ei 
gaged in original research that ultimately will be of great use to the ni< 
chanics at large. There is no doubt but what we must all borrow froi 
knowledge obtained by other people, and it is not in the experiments tb; 
we ourselves may suggest, but in the line of experiments that will be coi 
ducted by those having charge of such an institution. But I think that tl 
members of the Association would find themselves lamentably behind in tl 
formation of such a laboratory if they expected that it would benefit thei 
directly in any investigation that they might wish to make for the tiic 
being. It has been said it would be a very good thing to be able to sen 
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our oil to such a place to be tested. If we did that we would probably find 

the people in charge of the apparatus were too busy to test all the oils sent. 

Judging from my experience as to the quantity of oils forced upon us by the 

manufacturers, we would have to keep it running pretty steadily on the oil 

question and nothing else. I do hope that whatever is done in the future 

there will be no hasty action in regard to it now. 

'Mr. Jbffeey, Illinois Central Railroad — In connection with this matter 
I would remind you how often it may be material to test dififerent substances 
for dififerent purposes. On our road we make it a habit to occasionally test 
material of different kinds that are used. For instance, if a new brand of 
iron is sent us for use in the boilers, or for use in any other part of our ma- 
chinery, we may require a good quality of iron and we hate to test the 
tensile strength of that. We have a very simple arrangement for that pur- 
pose, consisting of a hydraulic wheel press to press on driving wheels. "VVe 
siinply attach to that a heavy lever, and let the ram come up and press against 
the Heavy lever and so tear the iron in two and get the tensile strength of 
1^ X presume every month we make more or less experiments in regard to 
^^ tensile strength of iron in that way ; also in regard to the strength of 
^y bolts in one-sixteenth inch sheets, three-eighth inch sheets, or one- 
fotLr-tli inch sheets. We also test five-eighth and three-fourth inch rivets in 
* that way. If we have a lot of rivets sent us of which we desire to know 
the quality, we simply arrange to tear them in two by this hydraulic press, 
^^ so we obtain the tensile strength of the rivet. And in regard to the 
"'^^-ling, that is the tortional strength of the iron, we have found various 
^^ys of testing that. We have also tested the lateral strength of axles, a 
'^''■^^"ber of years ago, by inserting one end of the axle in heavy upright 
blocs 1<B and then loading the outer end of the axle; so by putting in axles 
®^ *ialf a dozen different makes we get the relative values of each. Then in 
'^«^.id to oils — all the oils used all over the road we receive at the Weldon 
Bho^^^ It is expected that the oils will be examined and tested there ; and if 
rc)^C5ted they are of course not passed into use. There is no doubt a great 
"*^X of value to the different railroad companies to be derived from instru- 
Wfe»^ ts and apparatus which they do not now use. For instance, I think we 
^^^^Id have an indicator in order that we might- take diagrams of the ac- 
~^*^ of the steam in the cylinder with different kinds of valves, valves of 
"^^f^rent proportions of outside and inside lap. We have not an instrument 
®* ^liat kind. In my view I think that every important railroad should 
.na.^V*^juflfc such an instrument as that, because there is no one thing that in- 
f^^^^^tes the action of the steam or the usefulness of the valves so well as the 
"*^icator. I might, perhaps, enumerate other instruments that would be of 
fSL^^JBd use and equal service to the railroad companies. Now, it seems to me, 
^\ **«dlroad companies find it to their interest to make instruments of this 
^*^<3, and the representatives of these railway companies come here in Con- 



158 

vention, and either verbally or through their written communications, give 
their experience in these matters that the Convention can get the benefit of 
it. For instance, your CJommittee on Boiler Incrustations has given you as 
complete a report on that subject as could be done by a professor in a lab- 
oratory supported by the Convention ; and, with regard to other important 
matters investigated by the Convention, I have no doubt that the committees 
appointed on those subjects investigate them just as thoroughly as it is 
possible, and collect evidence from all over the country ; in a great many 
cases collect evidence of the utility of different methods of proceeding, all 
of which the Convention derives the benefit of without going to the expense 
of a laboratory which, as one or two of the gentlemen have remarked, 
would be removed no doubt from a great many of the railroads. If it 
should be in Chicago, for instance, it would be inaccessible to all Eastern 
roads, and If you locate it East it would be inaccessible to Western and 
Southern roads. 

Mr. Hudson, Rogers Locomotive Works — While experiments for deterna- 
ing the tensile strength of iron made with the ordinary hydraulic press, as 
used by railways, may answer a temporary purpose, I know that it is very 
unreliable for the reason that we have no reliable hydraulic gauge by which, 
you can determine the absolute pressure. I often have a dozen hydraulic 
gauges upon a press, and by testing them with the safety valve and lever 
and weights, I find that they would vary from each other several tons to th© 
square inch, and where there is a variation, or where there is Habile to be « 
variation of that character, I would like to know what the test is worth ^ 
certainly not very much unless you have gone to the expense of some relist'" 
ble apparatus, and it would not pay for simply pushing on driving wheels 
to do that. Where you want to know the absolue strength of iron it is very 
important that you should have better apparatus than is ordinarily used. 

Mr. Jeffrey, Illinois Central Kailroad — 1 will say by way of expl**' 
nation that the gauge used was a five hundred pound gauge, and we bfl'^ 
it carefully kept to that; and every three months, if there is any doubt 
about it, or as a general thing perhaps twice a year, we send the gauge an^ 
have it retested, so that we may know it is accurate. And the arms of th^ 
press are of sufficient dimensions to allow us to tear an iron of half a squai"^ 
inch area by using this five hundred pound gauge. I am aware, however, i* 
we used a gauge such as are generally placed on hydraulic presses, showing 
out of five or eight hundred thousand tons a variation of three thousand ton0» 
it would be rather unreliable. 

Mr. Hudson, Rogers Locomotive Works — I have never seen a reliable 
hydraulic gauge. The nearest approach I have been able to get at was ot»® 
made of a hardened steel rod, ground up after being hardened and work^^ 
through a leather band and properly weighed. That is the nearest approacl* 
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to it that I have been able to get, and I can arrive very much nearer with 
that than any hydraulic gauge that I have found. 

Mr. EiiLiOTT, Ohio & Mississippi Kailroad — This whole question of labo- 
ratory seems to be as to whether we require to know to a precise point what 
IS contained in all the different matters that we have to deal with, in the 
shape of water and so forth. Now, the great question with me is whether I 
would require that in my practice as a Master Mechanic — whether those 
experiments made by Master Mechanics in their rough way are not equally 
as good for practical purposes as those that are worked down to a very fine 
point — and that is all I can perceive that is to be obtained by this labora- 
tory. If we establish this laboratory it has got to be managed by men that 
are experienced, and they can only tell us as we are told in books what 
results they have obtained. In the report on incrustation of boilers the 
report goes right down to simple things, and whether the means suggested 
would take out every ingredient contained or not is not very important for 
U8 to know — we take out all that we can in practice. I came here to hear 
the experiences of different Master Mechanics in the past year, and what 
they have done, what they have tried, and what they have found out, and to 
tell what I have done myself; and for my part I can see no good results to 
come out of this laboratory that we can not get by making application in 
our individual cases. If I have got any particular thing that I want tested, 
I get that tested, and my company on my application or statement of the 
case will, I have no doubt, always pay the expenses of having it done. I 
think that the whole matter can be reached in that way. I for one am not 
prepared to come here and pay for getting up a mechanical laboratory, nor a 
chemical' laboratory. I come here in the interest of the company I am con- 
nected with to learn all I can, and to go back and endeavor that my com- 
pany shall get the benefit of it. I am serving them all the time, I think, in 
this view of the case; and, looked at practically, that we really do not require 
anything of this kind in the nature of our organization. 

Mr. Woodruff, Iowa Central Kailroad — I concur with Mr. Elliott's remarks 
that a laboratory belongs strictly to the chemical department, and we are in a 
mechanical department. My object here is to gain information in mechanics, 
not chemicals particularly; of course, I pick up what information I can, but I 
want to know how we can make an engine the most serviceable. It is the power 
the companies are after; they want something that will pull cars, and we want 
to get all the power that we can out of a certain size of cylinder and stroke, 
and we want to work that to the best advantage — the most economical. That 
is the main point, as I understand. There are men here that have had a great 
deal more experience than I have. As far as I am concerned I have not had 
charge of the mechanical department but a short time ; but I have been con- 
nected with the railroad business for eighteen years, and I would like to gain 
experience from those who know how to make parts of the engine the most 



serviceable, and get what knowledge I can in that respect. That is tb^ 
main point that brings me here. 

Mr. Hudson, Kogers Locomotive Works — I think that the business o^ 
the Master Mechanic involves really more than simply mechanical business-. 
Perhaps there is a question of case-hardening. We all know that the dura — 
bility of many parts of the locomotive depends upon the perfectness of th^ 
case-hardening. Now we might have quite a long discussion on the subjecC^ 
of case-hardening, but it is a chemical process. It is true that mechanic^B 
perform it ; but the bottom of it is chemistry. Now, if we want to knov^p- 
whether something else is better than what we are using, we ask the questioc^ 
of competent authority, is such a thing good for anything. Again, if w^*^ 
want to weld a piece of copper, we want to know what will prevent the ozi^. 
ydation of copper, so that we may be able to weld it ; or we want to wel<^ 
steel and a great many other things. Now, in all these instances connecte^^ 
with the locomotive in its construction and its operation, and in many others 
chemistry is involved from beginning to end, not only in construction b%:a.t 
use. The combustion of fuel involves that question, and the whole questioci 
of water is chemical and mechanical combined. 

Mr. Elliott, Oliio & Mississippi Eailroad — I admit that, but the suppo- 
sition is that mechanics do not come here to know about case-hardening. It 
is not necessary for them to send to a chemist to find out anything about tJxe 
process of case-hardening. If I want to know what to use for case-hardeis- 
ing — for instance, the best process — I ask Mr. Hudson what to do. He tells 
me, and I know simply it-will do just what he says. There is no necessity 
for further action in the matter. It is just so with all the things we cad 
mention connected with the road. We are all chemists to a certain' extent- — 
there is no question about that — and we must be ; but the fine point that is 
required by a chemist I don't consider comes into our business in practice. 

Mr Woodruff, Iowa Central Kailroad — I think the way Mr. Elliott pata 
it is the correct one. We are all practical men, and we can gain information 
one from another. The chemist would not take an interest in getting tb© 
knowledge for us that we want in our every-day experience, nor can he g^^ 
it. He doesn't know the working of the thing. He may take a piece of iroi*> 
and realize a certain efl'ect from its composition ; but we have got to experi' 
ment among ourselves, as in case-hardening, for instance. And case-hardeH' 
ing is an item that amounts to a great deal in the course of a year. I can giv^ 
you a little experience in that, that is in the quality of case-hardening; I won'* 
mention the class of engine — I have several classes to deal with — but one cl»s^ 
of engine I have on the road, the case-hardening of the links has run nearly 
three years, and to-day they are almost as good as the day they came on tb^ 
road. There are other engines that we could not run a year without taking^ *** 
a sixteenth inch off the links. I wrote, in one instance, to the builder of thes^ 
engines, and asked him how he case-hardened the links. He wrote me lii 
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answer; what kind of iron he used, what to be particular about, etc. I could 
see through it in a minute — could see the reason of it. It is a great point 
with him. He takes particular pains about that one item, and that one item 
is worth several hundred dollars to a railroad company in the course of three 
or four years. Now in case-hardening we have got to try it a great many 
different times ; we have to do it quickly. We can't pursue the regular pro- 
cess of case-hardening. (Mr. Woodruff here read an extract from a news- 
paper setting forth a certain process of case-hardening.) 

Mr. Hudson, Rogers Locomotive Works — I will simply say with regard 
to that process, that it is one that was peddled round the country some years 
ago by a man claiming to own a patent for it ; at any rate he was going 
round the country selling rights to use that secret. That is all I can say 
about it. 

Mr. Woodruff, Iowa Central Kailroad — It may be a patent ; but, how- 
ever, if it is a patent it is a good thing; something new to me. 

Mr. HoDGMAir, Philadelphia, Wilmington & Baltimore Railroad — I have 
listened with very great attention to the various members that have spoken 
with regard to the expediency of having a laboratory. I think that the 
very fact that we wish to gain knowledge is one proof that we ought to have 
a laboratory. What is it we want to gain ? We want to gain what we douH 
possess. Are we ready to pay for what we want to gain? If we are not, I 
think we are scarcely worthy of the position we stand in ; though I would 
advocate that the laboratory be postponed for a year, yet I feel quite con- 
vinced that it is absolutely required, and I think it would reflect the greatest 
credit on this Association that there should be one. The bulk of those tab- 
ulated statements found in books are frequently of great age, and we wish to 
be in a state of progress. I think we should all be pervaded with that spirit. 

Mr. Jackman, Chicago, Alton & St. Louis Railroad — I am very well 
satisfied with that disposition of the subject; but I would suggest that it be 
put into the hands of the same Committee that have had it in their hands 
for the year past. I believe that the action of that Committee is entirely 
satisfactory, and I do not believe that any new committee could be obtained 
that would treat the subject any better, or furnish a more satisfactory report 
than the Committee in whose hands it has been for the past year. It might, 
perhaps, be well that the Committee be instructed to confer with the Com- 
mittee of Civil Engineers of New York, but giving the Committee un- 
limited powers in the conference. 

Mr. Jeffrey, Illinois Central Railroad — I move that the discussion of 
the mechanical laboratory be deferred, and that it be referred back to the 
Committee that had it in charge last year, to report at the next annual 
meeting; and that they be authorized to confer with the Civil Engineers of 
New York. 

Motion carried. 
11 
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The President — Before the Committee on Fuel for Locomotives makes 
its report, I will state that the discussion on boilers seemed to be taken awav 
from the Convention for room for this laboratory discussion. I don't know 
but what that should properly come before the Fuel Beport, unles ssome 
one should move that it be dispensed with. 

Mr. KoBiNSON, Great Western Kailroad — I believe it is in order to con- 
tinue that subject. I would like simply to remove any impression that may 
be conveyed to our railroad companies in consequence of a misunderstand- 
ing of what Mr. Towne has said, and I scarcely think he meant exactly 
what he said when he referred to what was supposed to be a fact, that very 
few railroad companies had sufficient locomotives to wash their boilers out 
very frequently. Now I think I shall be supported by a large number of 
this Convention, when I say that any railroad company who does not supply 
its Master Mechanic with sufficient locomotives to enable him to have 
boilers cleaned out properly and regularly, is just as deficient in its duties 
to the interest of its stockholders as a Master Mechanic would be to his 
employers by allowing his boilers to go dirty. When Mr. Towne said there 
was very few railroads I think he made a mistake. 

The President — He was speaking of a peculiar way where it would 
take two or three days to wash them out by some apparatus that he was ex- 
plaining. 

Mr. KoBiNSON, Great Western Bail road — By removing the mud-hole 
plates and blocks, and all that kind of thing, I think it occupies ordinarily 
twenty-four hours to wash a boiler out properly without injuring the plates 
by too rapid cooling. I am speaking of course of the Great Western, that 
she may not stand on a wrong footing in this Convention. Our rule is very 
definite, and the locomotive foremen in charge of the engines are compelled, 
at the risk of losing their positions, to have each engine under their charge 
washed out by removing the mud-hole doors and plates and blocks, and 
thoroughly washing out after every run of five hundred miles, and certainly 
not to exceed seven hundred miles. Last year we had not sufficient engines 
to do this in consequence of the very heavy traffic, but more engines were 
asked for and they were supplied. I think that is the right course to take, 
and therefore I submit to the Convention that the careful washing out of the 
locomotive boilers is more important than incrustation powder. The ex- 
perience of the road which I represent is no doubt that of many others. 
We have tried a great number of incrustation powders ; we tried one where 
we paid one hundred dollars for each boiler. Twelve or fifteen of these 
boilers were successfully treated till we got to the Lake Ontario water, there 
sulphate of iron mixed with lime was found, and that beat the agent en- 
tirely ; he lost some three hundred dollars, and then stopped. But I am 
under the impression that he was using this cholera powder that is manu- 
factured in such large quantities, or something of that kind. Certainly, 
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taking it altogether, I Heartily indorse Mr. Towne's remarks, and the report 
of the Committee, with this statement qualifying that portion of his per- 
sonal remarks in this Convention. 

Mr. TowNB, Northern Pacific Kailroad — It is not my intention at all to 
charge our railroad companies with not furnishing sufficient power to op- 
erate a railroad, but I think nearly all the Western men will bear me out 
in saying that there are times during the year on Western railroads when 
our business is -such that it is almost impossible to spare an engine long 
enough to wash her out. I often run engines six weeks or two months, 
simply blowing them off at the blow-off cock without having time to wash 
ihem, keep them constantly in service night and day, sometimes change the 
men but keep the engine doing business. At other times of the year we 
have* more force on hand. That was what I was referring to, and not cen- 
suring any railroad at all. They are disposed to furnish power to do the 
business generally if they can. I would like to call attention to a matter 
concerning the use of reservoirs. Mr. Salisbury, superintendent of the roll- 
ing stock of the St. Louis & South-Eastern Bailroad, has had considerable 
experience. There are several of them located along the line of his road. 
The waters in that locality, he tells me, are of a very incrustating nature, 
and that since the adoption of the reservoir he has had no trouble at all 
with incrustation. I have no doubt he can give us some items concerning 
the expense of these structures, and the expense of keeping them up, etc., 
which we would be very glad to hear from him. 

Mr. SaIiISBUBY, St. Louis & South-Eastern Kailroad — ^The matter before 
us I happen to have been individually connected with right after its con- 
struction. I know that we could 'get no water in the wells that we could 
use, and my attention was directed to the subject of reservoirs. We have 
DOW several of these reservoirs in the length of our road — one hundred and 
sixty-one miles — using surface water exclusively, and the scale is something 
that is unknown with us. We run boilers two or three years, and we have 
DO scale but what you could take off with your knife or finger nail. As Mr 
Jackman remarked, this necessitates a little more frequent washing out, but 
there is nothing but what an ordinary washing out will remove. The insertion 
of the hand in the blocks at the top of the fire box will remove it entirely. 
In regard to the cost of them I suppose our road could hardly be taken for 
a criterion, because we have paid some little attention to this in the construc- 
tion of the road. We selected the localities — the natural depressions of the 
land. But, I have no doubt, in our section of the country that by a very 
slight expense sufficient water could be obtained that would enable us to use 
to a great extent this surface water, and remove a great portion of the diffi- 
culty. We use them entirely. We have not a drop of well water on the 
road, and we have no scale but what I could take off with a jack-knife. 
Mr.TowNE, Northern Pacific Kailroad — What sort of a dam was required? 
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Mr. Salisbuby, St. Louis & Soath-Eastern Bailroad — ^In moBt of our 
reservoirR we required just a very small dam on the track, and put in a 
bridge with a tressel over it, for a very little expense. By selecting the nat- 
ural locations along the road we lessen the expense. I suppose older roads 
would have to go to more expense. Last season we got short of water} 
and we made new reservoirs. I don't think we spent three hundred dollars 
outside of the cost of the land for extension of the bank, only ten acres of 
land, and the wall, ten feet deep. 

Mr. KoBiNSON, Great Western Railroad — I would like to aak you, Mr. 
Towne, when you spoke about blowing out the boilers, if your experience 
would prove that the blowing out of the locomotive boiler, at the end of each 
journey, twice before it is taken into the engine house, would be sufficient? 

Mr. Towne, Northern Pacific Railroad — No, sir ; I don't think it would. 
The only proper way to use the blow-off cock in the mud-drum, is to use it 
every trip, and use it when the steam is at the highest pressure, so that 
you can produce a force that will take that stuff out of the boiler that comi 
within the reach of the eddy. The simple matter of using that blow-off cock 




once a week, or once a trip, after the engine has stopped, amounts to a yery 
little. The time to use it is when running when you have the highest pi 
sure. Otherwise the mud-drum is no more use than a hand^nmp. 

Mr. Robinson, Great Western Railroad — Do you take it to the ash-pan 
or under the ash-pan, so as to prevent the dust being blown on the ma< 
chinery. 

Mr. Towne, Northern Pacific Railroad — That is a matter of preference, 
don't know that there is any particular benefit in placing it there. Some haT 
claimed that they let the water through the ash-pan that the particles of fi 
that may be lodged there may be blown out, as they are apt to set fire aJon 
the road. I think it may be a very good idea, but in most cases I have in 
structed the engineer not to open them, that there might be no injury to per 
sons or property. 

Mr. Salisbury, St. Louis & South-Eastern Railroad — The use of a blow-^ 
off is almost indispensable in using this surface water. We have to use that^ 
frequently, as often as two or three times in the course of a journey. 

Mr. Woodruff, Central of Iowa — Mr. Towne was speaking about th^ 
trouble of getting rid of the sediment. Now, in the absence of a mud-dram^ 
I have taken out about five flues at the bottom of the boiler, and in the^ 
boiler I have laid a two-inch gas pipe, perforated with holes, about thre^ 
inches apart, a quarter of an inch hole, and at the end of that a rod laid rights 
up on the end of these pipes, and then all the mud and substances that flow^ 
there, pass through these holes. I have only got this on one engine, an& 
what the result will be I can not tell, because it has been used only two oiC 
three times, and I have not taken the flue out to see. In time I shall mak^^ 
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a carefal examination to see what the result will be. I think it will, without 
doabt, be a benefit to the boiler. 

Mr. Miles, of Philadelphia — There is one point here, Mr. President, 

which it seems to me attention has not been called to sufficiently. The anal- 

jBie of water which we have, is, no doubt, of water in its normal condition. 

I have no doubt — and, indeed, it has been my own experience — that a great 

portion of the trouble from scale and incrustation arises from turbid water, 

which ifl not in its normal condition — after a rain, for instance. On a road 

which I had charge of on the Island of Cuba, a few years ago, we had a great 

deal of trouble with scale on all parts of the island, as there is carbonate of 

lime.and same sulphate of lime in the water, and wherever we tried that 

principle of using surface water — which we did by constructing dams in 

some of the streams, using hydrants to force the water up into tanks — 

where we did this we used a powder in the water, and the result was that 

we poisoned a number of people by so doing. We didn't kill them, but 

they were taken seriously ill. We used, among other powders, Morrison's 

boiler powders ; and several parties drank this water from the tanks, and 

took very sick, with a severe visitation of cholera and such like imfirm- 

ities; and we found, after a rain, these water-tank reservoirs which we 

formed, would be full of surface water, and then we would be troubled with 

sediment. Mr. Towne remarked that the sediment troubled him quite as 

much as the incrustation, or nearly so ; and, as I understand, there is no 

remedy for the sediment except the washing out. The very reservoirs that 

are made to collect the surface water will, in all cases after rains, be filled 

with mud and sediment, and the water will take from the land whatever 

mineral substances it may contain, and saturates itself with them, and there 

will be both sediment and incrustation. It depends, of course, upon the 

time of the year, and also on the land where it happens to be. If it is in a 

clean sandy soil it will take up but very little impurity; but it is sure to take 

some. The town of Liverpool has very much trouble with its water supply, 

which is caused by the mineral and vegetable matters contained in the soil. 

They have to filter the water, but filtration will only remove the mechanical ; 

it will not remove the chemical impurities. With regard to boiler powders, 

thej are all, I believe, either tannate of soda or carbonate of soda ; and I can 

Qot see any object in buying them. I remember a case where they came to 

la with a welding powder, which turned out to be nothing but concentrated 

ye, which will weld almost as well a? borax, and is, of course, very much 

slieaper. ^ 

Mr. Robinson, Great Western Railroad — I beg to propose a vote of thanks 
>f this Convention to Dr. Rogers and Professor Sewall for their time and 
'rouble in interesting themselves for our benefit to-day. 
Motion carried unanimously. 

Mr. Elliott, Ohio & Mississippi Railroad — I move to close the discussion 
•^ *■ *^\9 subject. 
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Motion carried. 

The President — The next business in order is the report of your Con 
xnittee on Fuel for Locomotives. 

The Secretary then read the report. 

Beport of the Committee on Fuel for Locomotives. 

" On the Actual Consumption and Cost of each kind of Fad used per MUe Rim 
per Weight qf Train hauled^ including Cars ; also the best Form and ProportC 
of Tube and Fire-box Heating Sarfa^ to Orate Surface requisite to prodn 
the best results with each kind of Fuel." 

To the American Railway Master Mechanics^ Association : 

Gentlemen — Your Committe on the above subject regret to sta 
tliat they have received but seven replies in answer to their circul 
of questions issued to the members of this Association, and are thei 
fore unable to make a report therefrom that can prove worthy of t* 
subject or of interest to the Association. 

It is but fair to state that, perhaps, our members who are at pre 
ent actively engaged as Railroad Master Mechanics, are not entire 
to blame for this seeming negligence on their part, in not answe 
ing fully and clearly the circular of your Committee on this six 
ject. When we take into consideration the fact that but few of 01 
railroad companies allow their Master Mechanics to provide the ne- 
essary means of obtaining practical and therefore valuable informs 
tion on this important subject of fuel, the reason why our circula 
did not meet with a more general and able response is easily under 
stood. 

It is true that to obtain such information would entail additions 
expense, as accounts must be kept for each locomotive, of the kind 
quantity, and cost of fuel used, the actual mileage made, the weigh 
of train hauled, etc., and the comparative results computed there 
from — this extra expense is presumably, in many instances, th 
main cause of objection to the keeping of such accounts — it is evi 
dent, however, to any who have given the subject their considers 
tion that, with a thorough practical knowledge of the matter, 
saving, at least, in the cost for fuel would be a certain resul 
and to an extent that ere long would much more than compensat 
for the expenses incurred to gain such knowledge. 
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The Committee would recommend that this subject be continued 
another year ; and, as we think the desired information could be more 
generally obtained and would admit of better arrangement as a report, 
would. respectfully suggest that it be divided into subjects for two 
separate committees. The one^relating to, " The Actual Consump- 
tion and Cost of each kind of Fuel used per Mile Run, per Weight 
of Train Hauled, including Cars ;" the other, " On the best Form 
and Proportion of Tube and Fire-box Heating Surface to Grate 
Surface requisite to produce the best results with each kind of 
Fuel used." 

Our circular, as issued, contained fourteen questions. The answers 
received in reply to questions one to thirteen inclusive, are contained 
in the annexed Table of the Keport of the Committee on Fuel for 
Iiocomotives. 

Question 14. Do you consider that the cubic contents of the smoke 
box seriously affects the consumption of fuel ? If so, what propor- 
tion of smoke box compared to fire-box area do you consider the best 
for burning — hard and soft coal and wood respectively? 
This question has been replied to as follows : 
W. A. Robinson, of the Great Western Railway of Canada, states: 
** It does ; inasmuch as that a very small smoke box involves a very 
sharp blast to be kept up to maintain the required draught on the 
fire. European practice suggests that the cubic contents of smoke 
'box should not be less than three feet per superficial foot of grate 
area, and consider the following best proportions : For hard coal, three 
oal>io feet smoke box to one superficial foot of grate ; for soft coal, 
ibree and one-half cubic feet smoke box to one superficial foot of 
gnie ; for wood, three cubic feet smoke box to one superficial foot 
of grate." 

C. R. Peddle, of the Terre Haute & Indianapolis Railroad, writes : 
•* I consider the plan, generally in use in this country, of extending 
Uie barrel of the boiler as a smoke box gives ample dimensions for 
m Bmoke box. This, in the case of the freight engine ( dimensions of 
^fliicli are given herein ), makes the cubical contents of the smoke 
tbox equal to thirty-nine feet, or almost three times the number o 
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square feet in the grate surface — the formula used by Clarke in pre 
portioning smoke boxes of coke-burning engines.*' 

Respectfully submitted, 

CHARLES GRAHAM, L. & B. R. iJ., ) 

L. S. YOUNG, a a a & /. B. B., [ Commmu 

B. H. KIDDER, LaU of the A. & Q. W. B. iJ., J 

On motion, the report was received. 

The President — ^The next business in order is the report of your Cod 
mittee appointed to attend the series of experiments made by the Goveri 
ment on boiler explosions. 

To the American Bailway Master Mechanic!^ Association : 

Gentlemen — Your Committee, appointed to attend a series of e3 
periments to be made by the Government, respectfully beg leave t 
report that the experiments are to be continued, and your Committe 
would desire further time. 

Respectfully, 

H. M. BRITTON, Chairman, 

On motion, the Committee was continued another year. 

Jilr. Jackman, Chicago, Alton, & St. Louis Railroad — Mr. President, 
may be possible that, if there should be time, there may be members liere wh 
wish to discuss that subject, and if disposed of now it could not come up an 
future time during our session for discussion. I do not know that there 
any one who would feel any disposition to discuss it. I think that these ei 
periments of 1873, so far as I can learn with regard to them, did not amour 
to much ; the result didn't turn out anything very valuable, and it might b 
well to discuss that subject. 

Motion to refer report back to the Committee was carried. 

Mr. Setchel, Little Miami Railroad — Some two years ago we had a r< 
port from the Committee on Boiler Explosions, and, from some little infoi 
mality, the Convention thought best to lay that report of the Committee o 
the table, and it lies there yet. I would move that it be now taken fron 
the table and referred to the Committee on Boiler Explosions. 

Motion carried. 

The Pbesident — One of the Committe wishes me to call the attention ( 
the Convention to the fact that when these trials come off it will probably b 
noticed in the papers, and the Committee wishes that as many of the mem 
bers of this Association as can do so will attend and witness these experi 
ments for themselves. 

On motion, the Convention adjourned io Thursday, nine o'clock A. M. 
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THIRD DAY'S PROCEEDINGS. 

Thursday, May 14, 1874. 

The Convenlion met pursuant to adjournment, at nine o'clock A. M. 

The Pbesident — A short time since tlie Supervisory Committee invited 
associate members to prepare some papers to be read before this Convention. 
Some of the members responded. Our associate member, Mr. Coleman Sel- 
lers, has prepared a paper which he will read before the Convention this 
morning. Gentlemen, I have the pleasure of introducing to you Mr. Cole- 
man Sellers. 

Mr. Sellers then read the following paper : 

Civil and Meohanioal Engineering* 

The Metric System in our Work Shops ; wiU its Vaiue in Practice be an Equiv- 
alent/or the Cost of its Introduction f 

BY COLEMAN SELLERS. 

Gentlemen — In compliance with the invitation of the General 
Supervisory Committee, as expressed through your Secretary, that, 
as an associate member of the American Hallway Master Me- 
chanics' Association, I should prepare a paper on some subject 
relating to the objects for which this Association has b^en organized, 
I have decided to call your attention to a matter which may before 
many years be forced upon you, and which you should be prepared 
to consider with care ; I allude to the proposed introduction, by 
legislative enacCment, of the French system of measurement, known 
as the metric system. 

It is not my intention to discuss the subject in all its bearings, for 
it is a theme requiring more pages of manuscript than I would care 
to inflict upon you, but I will state in as few words as possible how 
the proposed change would be likely to affect the work shops of the 
land. It is now about three-quarters of a century since the metre 
was first made the legal standard of length in France, and during 
that time it has been adopted by other countries, either in full or in 
part; so that the advocates of its universal adoption claim that the 
proportion of the population of the globe already enlisted in its use 



170 

numbers 420,000,000. Hence they argue that, for the sake of 
uniform metrological system all the world over, England and th 
United States of America should also adopt it to the exclusion o 
our present system of inches, feet, etc. 

Many of our leading colleges are making the metric system th 
method of measurement in all their teaching, with a view to sendin 
their graduates into the world as advocates of what to them seems so 
perfect a system. 

There can be no doubt that it is very desirable to have uniformity, 
not only in regard to measurements of all kinds, but also in money, 
as such uniformity would certainly facilitate trade and advance our 
knowledge of the works of other countries. Those who use the 
metric system in all scientific matters find it wonderfully well adapted 
to facilitate calculation. In spite of its long names it is easily un- 
derstood by persons of moderate education, and can be used even by 
those who have no idea of the Latin and Greek words from which 
the names are derived. If the world, as we know it in our arts and 
trades, were to be made over again, and we were obliged to adhere to 
ten as the base of our arithmetic, it would, doubtless be a good thing 
in some respects, but very unhandy in more respects, as not admit- 
ing of binary division. I have heard it declared by men of high 
intelligence that its introduction now is retarded only by prejudice, 
by the unwillingness of people to give up what they are used to, and 
the necessity of learning certain new rules and methods of thought. 
Unfortunately, may be, there is something more than these objec- 
tions that will retard its introduction. The change involves the 
expenditure of money, of very large sums of money. When this 
cost is presented to our minds, we may well consider whether the 
results to be obtained will warrant the expenditure. 

The late Senator Sumner was its earnest advocate, and at one time 
was determined to push the adoption of the metric system. He said 
to one of our most distinguished scientists: "I am content to have 
it' legalized in 1870 and to have its use then optional, but in 187- I 
would make its use compulsory.*' The gentleman to whom he ad- 
dressed himself asked if he had well considered what a tax such a 
measure would impose on the country. " We have now in use," he 
said, " in all kinds of trades, the pound as our unit of weight, and 
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Messrs. Fairbanks and other scale makers have for years been making 
platform scales with beams graduated to pounds. The edict that 
abolishes the pound will necessitate a change in all these machines 
for weighing. All their beams must be removed and regraduated to 
the new unit at an enormous expense." He instanced the change 
in the weight unit as the one most readily made, as it in the main 
a£fects perishable property only. 

On February 8th, 1870, a resolution was passed in the United 
States Senate, that ^^The President be requested, if not incompatible 
with the public interests, to invite a correspondence with Great Brit- 
ain, and other foreign powers, with a view to promote the adoption, 
by the legislatures of the several powers, of a common unit and 
standard of an international gold coinage," etc. In accordance with 
the spirit of this resolution, a dispatch was prepared by the Depart- 
ment of State.* In this paper, after recounting the requirements 
of such a unification in coinage as shall not prejudicially affect our 
interests, it says : 

"It is to be observed that an identity in the measures of value in 
the different countries will not completely attain the beneficent re- 
sults which are sought, unless there be also an identity in weights 
and measures. * * * * In commercial transactions 
an identity in measures of value would be of comparatively little use 
if unaccompanied by identity in the measures of the quantities to 
which those values are applied. There would still be a necessity for 
the intervention of an expert to shift the expressions of the measures 
of quantity, from the terms used in one country, to those in use in 
the other. The resolution of the Senate does not contemplate the 
extension of this correspondence to these points ; nor in my judg- 
ment would it be desirable to do so. 

" It would probably not be difficult to induce the people of differ- 
ent countries to adopt a common standard of weights and measures 
80 far as perishable property is concerned. At first the adoption of 
unaccustomed systems might cause inconvenience and discontent, 
but if they should prove to be better than the old ones, and if they 
should have the further advantage of being common to several 
countries which possess a common standard of value, and which 
have extended commercial relations, it is probable that the incon- 
venience would be patiently submitted to, in view of the greater 
benefits to be derived from the change. 

<* See U. S. Report on Foreign Belations for 1870. 
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'< But it seems to the Goyernment of the United States that a 
forced change in the measures of distance, as applied to imperisha- 
ble property and the permanent investment of capital, may be 
attended with more serious inconvenience. Thus while it may be 
practicable to establish a new standard of length measure for articles 
of international commerce, such as textile fabrics which are con- 
sumed and do not remain, it may be more difficult to make the same 
change in the standard for permanent values. A few examples will 
demonstrate the difficulties that would probably attend a change in 
such measures in this country. ****** 

<' It is the custom in the United States to lay out all towns and 
cities in regular quadrangles, and to divide each quadrangle into an 
even number of lots with an even number of feet. This has been 
found a convenient mode of dealing in town and city lota and in 
town and city houses. To make an arbitrary change, which should 
abolish these measures and substitute different ones in their places, 
involving the use of fractional numbers, would occasion great incon- 
venience, and might check the dealings in this species of property, 
and cause a loss to those who happened to be hol^lers at the time of 
the change. Again, the whole system of titles in those States whioh 
have been created out of the public domain rests upon government 
survey, whose results are expressed in the English mile and its sub- 
divisions, rods, feet, and inches. To substitute a different measure- 
ment would be a work of serious magnitude. 

"Again [and this is what most seriously affects our interests], 
the manufactories of the country are filled with machinery, whose 
delicately adjusted parts, measured in feet, inches, and component 
parts of the inch, work together in one grand whole, which is in its 
turn combined in the same system of measures. To produce this 
machinery thousands of shops are filled with costly plans, adjusted 
upon the same scale, whose delicate operations often require a nicer 
determination of measurement than can be obtained without me- 
chanical aid. To transmute these measurements, so delicate and 
accurate, from the present system into a new one, would appear to be 
an almost endless labor, if indeed it be a possibility." 

To show how clearly these statements express the difficulties that 
would attend our adoption of the metric system, I will call your at- 
tention to certain conditions of the mechanic arts in America, per- 
haps not fully appreciated by those who think the change is one of 
education only. 

Eli Whitney, whose name has always been associated with the 
invention of the cotton gin, started, in 1798, an establishment for 
the manufacture of small arms on the principle known as the inter- 
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angable system, carried ouli by the use of hardened jigs or forms 
the same shape as the parts to be produced, thereby making all 
rts of guns alike and interchangeable one with another. He in- 
•duced the use of milling, by means of revolving cutters, those 
rioate shapes needed in gun work. When he proposed to Thomas 
fferson, then Secretary of State in Washington's Cabinet, to make 
arm modeled after the approved French Charville flint-lock, in 
lioli all parts of all guns should be interchangeable, he was ridi- 
Led by both French and English ordnance officers. The govern- 
>nt aided Mr. Whitney, and in 1800 the present Springfield Armory 
\B established, and Mr. Whitney's inventions and system put in force 
ere. It was not until 1855 that the English War Department was 
roed to adopt the same system, importing a large amount of ma- 
in ery from America for that purpose. 

This was not the only branch of the mechanic^arts that was ben- 
ited by this interchangeable system. America, contending with 
gh labor, has been forced to exercise ingenuity, and make labor- 
Ting machines produce cheaper work. This could only be done 
f carrying the interchangeable system into other processes of man- 
facture ; and American clocks, watches, sewing machines, and all 
le countless small articles of hardware, are made by machinery 
loh piece like the others. Recognizing the absolute need of this 
iterohangeable quality in everything manufactured, but few trades 
xist in this country that do not avail themselves of its advantages. 
Tiadually separate and distinct manufacturing establishments have 
lome to use the same standards and to make their production inter- 
Ibnge one part with another. Witness the various devices making 
S^hat is known as line shafting, as also all the screws and fittings 
steam, gas, and water pipes, and now the so complete recognition 
be American system of screw threads for bolts and nuts. The 
<ary object of this Association may almost be said to be to in- 
roduce uniformity in all parts of the great railroad system of the 
United States. There is no country in the world where the value 
uniformity in the devices used in common by all mechanics, is so 
Hy recognized as 'in this land of ours. What has been done in 
la direction, and what is being done now, is founded on the inch 
^he unit of measurement in the machine shops. 
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The machine shop, however, is not independent of other trades, 
and it is necessary to a proper understanding of our subject, that we 
have a clear perception of the nature of this inter-dependence. Ma- 
chines made of metal have parts cast and parts forged. Wrought- 
iron is procurable in bars of certain merchantable sizes. When roll- 
ing mills are obliged to make round iron, differing in diameter from 
these merchant sizes, the price per pound is increased as special ap- 
pliances and extra care is required. So the mechanical engineer con- 
forms his proportions to the procurable sizes of bar iron, and uses the 
iron, as far as possible, without the expense of re-forging into other 
sizes. This is noticeably the case in regard to rounds and squares. 
The tools and appliances in the machine shop have in time been made 
to conform to these sizes, and are all expressed by the division of the 
inch into halves, quarters, eighths, and sixteenths. All the gearing 
in the country, all the patterns of cogwheels, are spaced in the teeth, 
by pitches, measured in inches, and the binary division of the inch, 
i") i") 1") H") 6tc., pitch ; or, in number of teeth to the inch in di- 
ameter, called in practice per-inch wheels, as 12, 10, 8, or 6 per-inch, 
meaning so many teeth to each inch in diameter ; as, for instance, a 
wheel three inches in diameter cut to ten per-inch, has thirty teeth, 
1. c, 10 X 3 = 30. The patterns of gear wheels, in some instances, 
form no insignificant part of the stock in trade of large machine shops, 
and the immense number of wheels now spaced to pitches in inches 
must necessitate the continued use of them, whether we call the pitch 
1" or 25.38 mm. 

When the metric system was introduced into France, all machine 
work was done by hand ; the planing machines for metals, and all the 
various appliances known as machine tools, with the exception of the 
turning lathe, were almost unknown. Sizes expressed in one meas- 
urement or another, were of less moment than now. I dare say many 
of my hearers remember the time when the rule of thumb was the 
mechanic's rule ; when the *• boss " chalked out on the carpenter's 
bench a thing about '' so big," to be made in metal, and then some 
other thing was made to fit it ; at such time it mattered little what 
standard was used as measure. While French savants were laboring 
to build up this decimal system of interchangeable measures, the bet- 
ter class of American mechanics were solving the problem of making 
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machinery with interchangeable parts. I am perfectly williDg to 
concede that there are work shops in the land, in which the change 
from the inch to the meter could be made at very little cost, simply 
because these shops are furnished with no special devices for meas- 
urement even at this day ; such drills and mandrils as they may have 
are altered in size at the whim and fancy of the workmen. The pro- 
prietor of one of this class of shops asked me, not many years ago, 
if we had a pattern of spur wheel of some pitch and diameter ; and 
when I asked him if he had measured the diameter at pitch line of 
wheel, he wanted to know what the pitch line meant. Metres would 
do for that man quite as well as inches. Such machinists, in stating 
dimensions, use the terms full and scant to express fractions which 
might be quite readily stated with accuracy; sometimes, however, in- 
dulging in the extra expression of a *' leetle full scant*' for very nice 
measurement. 

A well-furnished establishment is provided with gauges, mandrils, 
reamers, standard drills, and boring tools, as well as all other appli- 
ances needed for accurate work made to certain fixed sizes, and in 
most shops these special tools amount in value to large sums of 
money. The nomenclature of the sizes of these tools, as expressing 
the work they are expected to do, is part of their economical use ; 
thus, an inch reamer is expected to make a hole exactly one inch in 
diameter, and no great effort of memory is needed to designate its 
size ; but this same inch reamer will make a hole 25.38 millimetres 
in diameter — which is the same size expressed in French meas- 
urement. 

In the machine shop the unit of measurement is the inch — it is 
not the foot nor the yard — we express in inches all measurements of 
objects that may sometimes be made less than one foot in side. Thus, 
pulleys are rated as 5" or 10" or 72" in diameter. Boilers are spoken 
of as being 36", 42", or 48" in diameter. Car wheels are 30, 32, or 
36 inches in diameter. For all calculations in the drawing rooms 
we use the inch and its decimal divisions, corresponding exactly with 
our dollars and its division into halves, quarters, eighths, and six- 
teenths. As in money, we say half a dollar or fifty cents with equal 
facility, so in measurement we have the half inch or .50 inch, each 
as expressive of size as the other. 
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The advocates of the substitution of the metric system for our fa 
vorite inch, say we have only to give new names to these sizes. Thi 
we can do ; we can call our inch 25.38 millimetres, or, if we prefer 
we can call it the twenty-five hundred and thirty-eight hundred 
thousandths of a metre ; or we can call it two centimetres, five milli 
metres and thirty-eight hundredths of a millimetre. They say, fur 
ther, we can make a slight change in our sizes, and dropping th< 
fractions of the millimetre use the even millimetre ; thus our famil 
iar inch would be replaced with the twenty-five millimetre size, whic 
is a decidedly ^' scant " inch. As an appendix to this paper, I giv^ 
a list of all our usual fractions of the inch, and our even inches u]^ 
to twelve inches expressed in metric measurement. 

Let me now explain how this change of size is to be brought about ^ 
thlat is, what we must do if we are obliged to give up our inch. Th^ 
drawings of all our machines — drawings that have accumulated 
through many years, and are expressive of enormous sums of moneys 
and the best mechanical talent of the land — must be gone over anA. 
all the sizes changed. To express in millimetres the present sizes iiB. 
inches would never do — it would involve us in a sea of fractions thaft^ 
would drive any ordinary brain crazy. No, we must alter all th^ 
sizes to the nearest even millimetres. Thus, some dimensions, marked, 
three inches, must be changed to seventy-six millimetres, .14 of ^ 
millimetre smaller than three inches, and some other size must be al — 
tered to make up the loss. Think of the labor involved in such ^ 
change, and you will not require me to say what such a change will- 
cost. But it is said new work can be made to the new sizes, and th^ 
old sizes can be continued for the time. This is exactly the point X 
wish to reach in the statement of trouble and cost involved. 

Drawings made twenty-five years ago are in use to-day, and draw — 
itags made during each of the succeeding years are many of them in 
use, and the tools and gauges are perfected to manufacture machinea 
in accordance with these drawings. To-day we begin new drawings 
with the new dimensions; the change can be readily made in the 
drawing room. It requires no vast amount of education to substitute 
one drawing scale for another. We send the new drawing into the 
machine shop and then the cost begins ; all our old tools of fixed 
sizes, all our old gauges are wrong, new ones must be made, and we 
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must run tlie risk of mistakes from the simultaneous use of two 
standards. Now, for your information, I have taken the trouble to 
make a careful estimate of the cost involved in altering or making 
new (for we dare not alter all the taps, dies, reamers, mandrils, gauges, 
and the other guides for the workmen in an establishment fully 
equipped for say two hundred and fifty machinists), and the sum 
iootB up to twenty-seven thousand dollars — more than one hundred 
dollars for each man employed. This does not contemplate any 
change in existing drawings; should we attempt to alter all the 
drawings, I can not see how, in the same establishment, the change 
could be made at a cost less than one hundred and fifty thousand 
dollars. What do you think of such a change at such a cost? 
Would it not indeed paralyze this industry ? 

President Barnard, in his very able report in favor of the metric 
system, or rather in favor of some unification of measurement, says: 
" I do not expect that this system will make its way in the world 
against the will of the people of the world. I do not expect that 
our people, and I do not desire that any people, shall be coerced into 
receiving it by the force of * imperial edicts * or by the terror of bay- 
onets. What I do expect is, that they will sooner or later welcome 
it as one of the greatest of social blessings. What I do expect is 
that they will one day become conscious of the many inconveniences 
to which they are subjected from the anomalous numerical relations 
which ooifnect, or rather we might say, disjoin the several parts of 
their present absurd system ; inconveniences which they have learned 
to endure without reflecting on their causes or suspecting that they 
are unnecessary in the nature of things ; and that when at length 
fully awake to the slavery in which they live, they will burst the 
shackles and rejoice in the deliverance which the metric system 
brings. This can not take place, of course, until the people are 
thoroughly informed." 

Business men in all times look at the cost of each change. School- 
men see beauties in the metric system and train their pupils as its 
earnest advocates, but they do not count the cost. If it is needful to 
make the change it can be made more cheaply to-day than to-morrow, 
more cheaply this year than next. While the schools educate the 
people to see its advantages, the money value of the permanent plant 
12 
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to be changed is increasing more rapidly than the uninformed on 
this subject can appreciate. Changes in such things as standards of 
measurement have been made in other countries, and changes, if 
needful, can be made now; but the question may in all fairness be 
asked, is it needful in this instance? So far as my own experience 
goes, haying had the opportunity to use the inch and millimetre in 
one and the same establishment for many years, using one with as 
much familiarity as the other, my choice is most decidedly in favor 
of the inch as the unit of measurement in the machine shops and 
on the railroads of the country. That others think so too, in regard 
to one question in mechanics, let me prove by an example. Many 
years ago Mr. Whitworth attempted to establish a uniform system of 
screw threads based on the inch as its unit. His scheme met with 
such success that now, with the exception of France only, all the 
metre using peoples of the world have adopted the Whitworth 
system, and it has even been largely adopted in this country. It is 
considered better and more convenient than the French system. 
According to Mr. Whitworth's system, a half-inch screw should have 
twelve threads to the inch ; to express this in the metric language, a 
bolt 12.7 millimetres should be 2.12 millimetres pitch. I have said 
business men count the cost before making changes in matters of 
habit or use, but when they can be shown that they will be gainers 
by the change they give in to it heartily. This same example of 
screw threads will serve as an illustration. Mr. Whitworth's system 
of screw threads was already introduced in all the principal work 
shops of Europe and in many in this country. But a better system 
was presented to the Franklin Institute, a system based on such 
simple laws that, given the formula with no existing original to 
copy, any careful workman can originate a given thread that will 
match those in use. After an exhaustive debate on the subject of 
its introduction by the various departments of our Government, and 
a careful consideration on the part of our mechanical associations, it 
came to be adopted as the United States standard. It was adopted 
at considerable expense, because it was believed to be an improve- 
ment on existing practice. We have still to keep up our old taps 
and dies for repair work, but no mechanic has deemed the expendi- 
ture involved in the change other than judicious. 
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To enable you at your leisure to consider the value of our inch 
Tinit as compared with the French system, I have added to this 
jMiper (Appendix B) a list of some of the prominent metric screw 
systems as compared with the United States standard and the 
HThitworth. 

Becognizing the advantages offered by the decimal system in money, 
we accept the dollar and cents in preference to the pound sterling of 
England. We now have in use, in land surveying in the country, the 
ohain and its decimal division. In city measurements the foot and 
its decimal division is also used, and in mechanics we have the inch 
as our unit, with its division into one-hundredths for calculation, and 
into vulgar fractions where its written expression is rendered plainer 
thereby. I have in this paper made no attempt to discuss the merits 
of the metric system as carried out in all its perfection, through 
measures of distance, surface, solidity, and weight. This has been 
considered by abler men than I am. My object has been to present 
to you the cost involved in the change, and to show that something 
more than want of education strengthens the hands of Englishmen 
and Americans in resisting any change in their methods of measure- 
ment. By the law of our land, those of our citizens who choose to 
use the metric system can do so, and their so doing will meet all 
requirements of the law; but the standard of the land is, for our 
purposes, the inch, and I for one should be sorry to see it abolished. 

If, as I am informed, some of our schools of science see fit to make 
their method of teaching dependent on the metre and its divisions, to 
the exclusion of the ordinary nomenclature of the land, their wisdom 
may well be questioned. We need educated engineers, but we need 
them educated in our mode of thought. The universities of the land 
are awake to the need of scientific education, and our sons are sent 
to them that they may learn what will be of the most use to them in 
aetiYe life. We wish them to learn the languages of other leading 
lands, but we insist that they shall know their own language. We 
would have them read the scientific languages also, but if for good 
reasons we choose to retain our technicalities, deeming them more 
convenient for our use, we also insist that they shall know how to 
use them in our business relations. 

Impressed, as I am, with the insurmountable difficulties in the 
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way of a cbaDge in our unit of measurement, even if that chang- 
were desirable, I can not kelp thinking that, if the hypothetical Ne^ 
Zealander, when he has done contemplating the ruins of St. Paulsa 
from the sole remaining vestige of London bridge, in the far-off dis^ 
tance of the future, shall seek from the ruins of a mighty city Um 
learn the nature of a nation's greatness, and shall measure its length 
and its breadth, as did Professor Piazzi-Smyth the Pyramids, he wiS 
find its unit of measurement to have been the inch. 
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The Pbesident — What action will you take upon the paper read by Mr. 
fillers? 

Mr. Elliott, Ohio & Mississippi Bailroad — ^I move the acceptance of it, 
Qd that it be embodied in our report. 

Mr. Hates, Illinois Central Railroad — I would suggest an amendment, 
lat we te nder Mr. Sellers a vote of thanks for the able paper he has read. 

The motion, as amended, was adopted. 

The President — ^The next business in order will be the report of your 
ommittee on the subjects for consideration during the ensuing year. 
The Chairman, Mr. Forney, then read the following report: 

Beport of Committee on Subjects for Next Meeting. 

Mr. President and Gentlemen — The Committee appointed to 
lect subjects for discussion at the next annual meeting, respectfully 
.ggest the following : 

JTirst. The Best Material, Construction, Operation, and Manage- 
ent of Locomotive Boilers. 

Second. Purification of Feed-water. What methods, up to this 
ne, have been most approved for the improvement of feed-water 
r chemical and mechanical means, and for the prevention of in- 
ustation. 

Third. Locomotive Tests. This Committee to request members 
make experimental tests to show the performance of locomotives, 
id to report the results to this Association. 

Fourth. Locomotive Construction. This Committee to report, as 
r as possible, all new methods of construction which have been 
lopted by members during the past and coming year. 

Fifth. The Best System of Signals for Operating Railroad Trains. 
o include Train-head Signals \ Train, Tail, and Side Signals ; Boad 
' Station-switch Signals and Appliances for Indicating the Speed 
• Trains. 

Sixth. Locomotive and Tender Wheels. This Committee to re- 
Drt breakages of wheels and tires, removals of tires and cause of 
reakage or removal, and to report on the different methods of con- 
duction and manufacturing of various kinds of engine and tender 
heels. 
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Seventh. Construotion and Improvement of Continuous Train 
Brakes during the Ensuing Year, and their Application to Cars and 
Locomotives. 

Eighth, Lubricants for Locomotives. 

The President — You have heard read the report of the Committee on 
Subjects. What action will you take upon it ? 

Mr. Hayes, Illinois Central Bailroad — ^I move that it be received, and at 
a proper time the Committees appointed on the different subjects. 

Adopted. 

Mr. Sprague, of Pittsburg — I would like to inquire when is the proper time 
to suggest any further subjects for consideration ; now, or at some future 
time? 

The Pkesident — It is proper to receive the report first. 

The report was then adopted. 

The President — ^The next business in order will be the report of your 
Committee on Valves and Valve Gearing. 

The Secretary then read the report. 

Beport on Valves and Valve Gear. 

To the American Railway Master Mechanics* Association : 

Gentlemen — Your Committee forwarded to the members of the 
Association a circular embracing the following questions, with a fur- 
ther request for general information on the subjects designated : 

1. Have you had any experience with balanced slide valves? If 
so, please state fully what advantages they possess over the ordinary 
valve. 

2. Have you had any experience in changing the size of the ports 
upon the same cylinder, in order to determine in practice what are 
the proper proportions of the size of ports to the size of cylinders ? 

3. What, in your experience, has given the best results as to the 
amount of inside and outside lap ? 

4. Please give the length of time, and number of miles run, and 
the condition of the valve seat on the cylinder with the ordinary 
valve, and also the same with the balanced valve. 



. In your opinio a would it be advantageous to shorten the ports 
widen the bridges so as to increase the wearing surface on the 
re seat of the cylinder ? 

Please send a correct drawing of the balanced valve you have 
I, and the name of the patentee. 

!t is the regret of the Committee that the replies to the above cir- 
have been neither numerous, nor, for the most part, very full — 
Poixxieen members only having responded. 

rCliomas M. Hayes, of the Flint and Pere Marquette Railroad, 



^ ' I have had some experience with balanced slide valves. They 

do not possess advantages enough to pay for adopting them. I have 

Itstd no experience in changing the size of ports. My practice as to 

lap, is 1^ of an inch outside lap, and line and line inside. This is 

witli a 4J- inch travel. I do not think it would be advantageous to 

sliOTten the ports and widen the bridges as specified. The balanced 

valTe with which I experimented, is the Richardson's patent, of which 

I can not at present send the drawing. I run it about two months, 

or four thousand nine hundred and sixty miles. The valve seats 

were found to be in good condition, but the valves blowed badly past 

the strips in the top, and I had to take them out. Tbe common slide 

valve run the same time, but about six thousand miles, and the seats 

were in equally good condition." 

George Richards, of the Boston & Providence Railroad, writes : 

** I have had no experience with balanced valves, or at least I have 

not used one worth adopting, and I hear that some that promised well 

^* year do not look as well now. As to the size of ports I think 

we have been inclined to make them larger than necessary. I have 

closed up some ports which were very large, and found no loss 

u^ the power or speed of the machine, and the seats were easier cared 
for." 

D. S. Weaver, of the Eastern Kentucky Railroad, has had no ex- 
P^ence either with the balanced valve, or with changing the size of 
the ports. He thinks it would be advantageous, however, to increase 
"^6 width of bridges, making at the same time a proportionate re- 
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duotion in the length of ports. He thinks it unnecessary to put any 
more area into the face of the valves, his idea being somewhat anal- 
ogous to that embodied in Mr. Elliott's end-bearing valve. Mr. 
Weaver further looks to the chilling of valve seats and faces as the 
first real and practical step toward prolonging the wear and reducing 
the consumption of fuel, and thinks that thereby the necessity for m^ 
balanced valve would be obviated. The maximum mileage of ihi 
common slide valve he is now using was forty-one thousand eighitf 
hundred miles. He gives his valves f inch outside and \ inch in- 
side lap. 

William Fuller, of the Atlantic & Great Western Railroad, woul 
not recommend the shortening of ports and widening of bridges.^ 
He finds the wear of the ordinary slide valve to be -j^ of an inch in 
a run of twelve months, or three thousand miles. The ports giving '^^ *° 
best results are in the proportion of 1 to 12 to the piston area for 
freight, and 1 to Hy^j^ for passenger engines. He is using -ji^ of an 
inch inside and |^ inch outside lap for freight engines, and from } S' ^ 
to 1 inch outside, line and line inside for passenger engines, and -K^ ^" 
ports 16 inches by 1|^ inch. He has had no experience with bal- — -^' 
anced valves. 

J. K. Taylor, of the Old Colony Railroad, writes : 

" I have tried five kinds of balanced valves. All of them, in my"%^7 
opinion, are nearly worthless. I have only one kind running now i^ i 
those are the Nesbitt valve, on two engines only. These I do not*" ^>^ 
think a success, by any means, not much better than the old kind oK '^^ 
a slide valve, as it is almost impossible to keep them from blowin| 
any great length of time. I do not think the exhaust is as good wit 
the Nesbitt valve as it is with the old style flat valve, but find the 
links and other working parts of the valve gear much more dorabh 
where we use a balanced valve. I think the area of the steam-poi 
of a good smart working engine should be to the area of the cylindei 
as 1 to 15, and the exhaust port should be about 1 to 7. My expe 
rience has led me to believe this to be a good proportion for a freigh. 
engine. I give lap as follows : Passenger engines ^ of an inch oul 
side and -^ of an inch inside ; and freight engines f of an inch oui 




187 

8ide and -^ of an incli inside. I think it would be an advantage to 
Bome kinds of engines — ^for instance the Bogers — to shorten the 
ports and widen the bridges." 

James M. Boon, of the Pittsburg, Ft. Wayne & Chicago Railroad, 
says: 

" I have had but little experience with balanced valves, which I 
reported fully to the Committee last year." The report referred to 
was to the effect that a set of roller valves tried for six months 
proved of no advantage whatever, and a couple of sets of balanced 
valves on fast engines leaked so badly as to be abandoned after a run 
of two thousand miles. Mr. Boon farther says : " I have made no 
experiments in changing the size of ports. I do not think there is 
any advantage in inside lap, but, on the contrary, I have always 
found it an advantage to cut it out. The amount of outside lap is 
governed to a great extent by the work the engiDe has to do. If, on 
a road with very heavy grades and trains, I would use f inch lap 
or less ; on a level road would use |- of an inch. On this road we 
are using |- of an inch on freight and 1 inch on passenger engines, 
with the valves cut line and line inside. There is also a considera- 
ble saving of fuel with a loDg lap valve. I do not think there would 
be any advantage in shortening the ports and widening the bridges, 
the valve would have to be made to suit, and the area exposed to 
pressure of the steam increased. I do not believe it is so much 
bearing surface we want as to reduce the area, and hence the pressure 
on the valve. I have no balanced valve dow in use, and believe what 
is saved in reduced pressure in this class of valve is lost by increase 
of repairs." 

W. A. Bobinson, of the Great Western Bailroad, Canada, believes 
the balanced valves to possess advantages, and refers to report of last 
Convention. His experience shows |^ of an inch to be the lap for a 
travel of 4|^ inches. He thinks, with reference to shortening ports, 
ihat extremes in either direction are disadvantageous. He has 
adopted, for all train engines, steam ports 15 inches by 1^^ inch, and 
»xbaust 15 inches by 2f inches, with bridges ^ of an inch thick, 
vbich give satisfactory results. 
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John Thompson, of the Eastern Eailroad, has used Adams', Saults', 
and several other balanced and roller valves. None except Adams' 
possessed any advantages over the ordinary slide valve. Reduced 
wear of valves, seats, and valve gear, and ease in handling the reverse 
lever under steam, were points of improvement realized in the use of 
this valve. With the ordinary slide valve the engine runs flflteen 
months, or forty-five thousand miles, without refacing. With bal- 
anced valves the run is eighteen months, or sixty-six thousand miles, 
and the various parts in better condition than with the plain slide 
valve. He has not experimented in altering the size of ports, but he 
understands that experiments upon shortening ports have been made 
with favorable results. With reference to lap, the best results ob- 
tained from practice are with -^^ of an inch inside and |- of an inch 
outside lap. 

Figure No. l-HUTCHINBON'B BAIiANCED VAIiVE. 




C. L. Eastman, Concord Bailroad, sends a tracing of a balanced 
valve patented by Charles H. Hutchinson (^Figure No. 1), and 
states that upon ten locomotives fitted with it he has found a 
marked diminution of friction and wear of valve seat and gear. 
It has proved itself simple in construction, cheap, durable, and is 
in fine the best valve which he has used. 

The Superintendent of Motive Power and Machinery of the Terre 
Haute & Indianapolis Bailroad, writes very satisfactory as follows: 

" I have a limited experience with balanced valves. I tried, first, 
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b^olting two shallow cylinders, 7 inches in diameter, to the back of 
^n ordinary slide valve, with circular grooves cut in their upper 
edges, into which packing rings, breaking joints on the Dunbar 
g)Ian, were placed, and kept up to the planed steam chest cover by 
"(he steam pressure, assisted by light spiral springs. The valves 
"worked freely with steam, but occasionally at starting would blow 
badly, caused probably by the force of the exhaust striking the top 
of the chamber, or by the compression in the steam ports. More 
recently I have tried a modification of this plan, and core two cir- 
oolar holes through the valve and allow the exhaust to strike the 
lid of the steam chest. I send you a sketch of the valve which 
will show its construction. The engine ran eight months, or twenty- 
three thousand four hundred and thirty-three miles before there was 
any perceptible blow, and the reverse lever could be worked easily 
with any amount of pressure. 

'* At that period there was a complaint made by the engineer that 

the lever worked harder, and that the engine blowed some. The 

lid was taken off and the rings were found worn unequally on the 

face, and the lid worn considerably where the rings bore, and quite 

a shoulder had been made at the termination of the valve stroke 

generally used by the engineer. New rings were put in, and the 

lid planed off, and the engine is now running. I see no benefit from 

the valve in the performance of the engine, and the engineer thinks 

she is not so smart as she was with her old valves. As the engine 

burned wood before the valves were put in, and now burns coal, I 

can make no comparison as to the consumption of fuel. There is 

120 question but what there is a saving of wear in the links and the 

^alve seats, but I am not prepared yet to recommend the use of this 

>r other similar balanced valves from my experience with this. A 

if r. Bisbee, of Indianapolis (^Figure No, 2), claims a patent on this, 

»r a similar form of valve. 

• " I will also state that I have used a long valve with ports run- 
ling through the valve, patented by Henry Elliott, of the Ohio & 
lilississippi Kailroad, and find considerable advantage in durability 
»f Talve and valve seat surface from its use. Freight engine 34 of 
•liis line has one cylinder of unusually soft iron, and it was found 
i^eoessary to face off seats and valves about once in six weeks, or 
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running five thousand one hundred miles. I put the Elliott 
in and run the engine nine months, or thirty thousand miles' 

before the seats required facing. I have the valve in three other 

engines, and am awaiting the result with interest. 

** I have three Rogers* freight engines, 16 by 24 inches, with 5 

feet drivers, and steam ports 15 by 1^ inches, and two engines sub- 
sequently built by the same maker, with same cylinder and wheel 
"but somewhat heavier, with steam ports 13^ by 1^ inches, which 
are daily drawing longer trains and with the same proportionate 
consumption of fuel, and are considered as smart as the first engines. 
I usually give an outside lap of ^ of an inch on a valve having 4f 
inolies travel, and allow no inside lap. I use the same dimensions 
on freight and passenger engines. The ordinary valves and seats pn 
our coal burning freight engines require facing on an average once 
in four months, or after runnings thirteen thousand two hundred and 
twenty miles. Coal burning passenger engines once in six months, 
or after running nineteen thousand three hundred and four miles. 

** I think it would be no detriment to reduce the present dimen- 
sions of steam and exhaust ports, especially where the former is 
doxtble the area of the exhaust nozzle, as is not unfrequently the 
octae, and also to increase the thickness of the bridge where it can be 
done without increasing the travel of the valve." 

"VTm. S, Hudson, of the Rogers Locomotive and Machine Works, 
ii^oloses a draft of a balanced valve (^Figure No. 3), patented August 
23, 1854, by John Gleason, of Northfield, Vermont, and says they are 
^oquaint«d with many different kinds of balanced valves that have 
^oen in use, and the causes which led to their abandonment, and 
thinks this valve as shown would be likely to succeed as well as 
^^;y, and better than most of them. The valve as first invented 
differed from the tracing in this respect. The saddle plate was 
Jield by bolts to the steam chest cover, the bolts being used to 
*djuat the saddle so as to admit of the valve moving freely between 
^* and the valve seat. Poppet valves were used to afford relief 
^hen the engine was reversed. 

fiie built a locomotive for the Buffalo & Erie Railroad in January, . 
■■•85b, in which it was used for some time, but abandoned on account 
^^ the trouble in keeping the saddle plate properly adjusted. The 
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modifloation shown in the tracing consists in supporting the saddle 
by the face of the valve seat, the side supports being cast on the 
saddle, as is the practice in valves for steam hammers. The screws 
for holding the saddle in position endwise would require to be ad- 
justed so as to allow of the valve and saddle rising when required. 
It is further to be noticed that this valve has another peculiarity, 
viz.: double width of both steam and exhaust ports, as steam isf taken 
through the valve as well as outside at the same time. The tracing 
is made so that the lead is confined to the lower edge of the valve, 
so that the piston is at or past the center before steam is taken 
through the valve. This is done to avoid too great shock by too 
sudden admission of steam. He is not aware of the patent having 
been renewed. 

With regard to the best results to be obtained from any definite 
amount of outside and inside lap, it is difficult to givp a very defi- 
nite opinion, as the results vary with every different amount of 
travel of valve, as well as with the different circumstances of load) 
grade, speed, etc. 

Without replying at large to the circular of the Committee, Henry 
Elliott, of the Ohio & Mississippi Eailroad, sends the following 
letter : 

" I have nothing to say on the subject of balanced slide valves, 
not having had any experience with them on locomotives. I wish, 
however, to call your attention to, and give you a report of, the 
working of my End Bearing Slide Valve (not balanced valve as 
erroneously given over the cut of it in last year's Report). By re- 
ferring to my letter to Mr. Fry, published in last year's Report, you 
will see what I claim for this valve, all of which claims I consider 
fully confirmed, so far as another year's experience goes. I have 
not yet had one valve to face, and from the appearance of valves 
and cylinder seats that have been running twenty- one months, my 
impression is they will not require for a long time to be refaced, as 
they are now, to all appearance, in the same condition that they were 
after having run one month. I give you below the mileage of three 
engines that have run longest with these valves, and also the aver- 
age run of the same engines with the old short valve between re- 
facing of valves. 
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" Baldwin freight engine No. 122 ran with End Bearing Valve 
fifty -four thousand three hundred and thirty-two miles; average run 
with old valve eighteen thousand two hundred miles. Grant pas- 
senger engine No. 58 ran with End Bearing Valve seventy thousand 
three hundred and thirty-seven miles ; average run with old valve 
fifteen thousand seven hundred and fifty miles. Passenger engine 
No. 63, huilt hy the Ohio & Mississippi Kailroad, ran with End 
Bearing Valve sixty thousand one hundred and sixty miles ; average 
run with old valve nine thousand sev^n hundred and fifty miles. 
We have besides these three engines thirty-one other engines run- 
ning with these valves, all giving the same results. I would also 
state that the longer I run these valves the more I feel satisfied that 
there is a great saving in wear of valve gear. I account for this 
saving by the fact that this valve moves with a much steadier mo- 
tion than does the old valve. 

'* As the number of these valves in our engines have been in- 
creased, the saving of fuel has been very evident to us, but this 
point is clear to all mechanics.^who understand the operation of the 
slide valve. For, if we have a valve that will maintain itself con- 
tinually in performing its proper functions without blowing or 
otherwise wasting steam, there must be a saving in fuel over a valve 
that will only run five or six months ^and then have to be reseated 
or refaced, and this is about as long as engines built at the present 
day will run in regular passenger and freight service and burning 
coal. I could give you the experience of others that have this 
valve in use, but I prefer that they should speak for themselves. 
If you have not seen a model of this valve I think the cut as 
given in last year's Report makes it sufficiently understood." 

The Master Mechanics of the Morris & Essex, and of the Lake 
Shore & Michigan Southern Railroads, have neither of them had 
any experience with balanced valves, and hence offer no informa- 
tion. The former gives a lap of f of an inch outside and y^^ of an 
inch inside, and the latter gives f of an inch outside to ^ of an inch 
inside. They both concur in the opinion that the size of the ports 
is excessive as compared with the area of the throttle and cylinder, 
and recommend their reduction with a proportionate widening of 

13 
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bridges, unless a good balanced valve can be found cheap and 
durable. 

As your Committee interprets its duties, it submits the foregoing 
testimony for discussion in open session, refraining from the intru- 
sion of personal opinion or comment thereon. For the succinct 
presentation of the points in question we recapitulate : 

Of the fourteen members answering to the circular, four report 
in favor of balanced valves and six against, while nearly all agree 
that there is a reduction in wear of seats and gear and increased 
ease in handling. The grounds of objection are, liability to blow- 
ing and difficulty of keeping in repair. The mileage of the bal- 
anced valve, where comparisons have been instituted, is considerably 
in its favor as against the flat valve. Seven replies are in favor of 
decreasing the size of ports from their experience, and two offer 
simply an opinion against reduction. 

The practice with lap is somewhat varied. Outside, two use 1 
inch, eight use ^ of an inch, and four use f of an inch, the longer 
lap being upon the quicker moving engine. Inside, one gives ^ of 
an inch, one gives -^ of an inch, five give r^ of an inch, and five 
cut the valve line and line; the general practice standing in favor 
of inside lap to cushion on the pistons of quick moving passenger 
engines. 

If the report of your Committee is meagre, they still beg leave 
respectfully to submit it, relying upon the consciences of delinquent 
members to acquit them of blame for its shortcomings. 

J. I. KINSEY, Lehigh Valley, ) 

J. THOMPSON, Eastern Bailroad, ifcws., \ ChmmiUee. 

G. H. TIER, Lake Shore & Mieh. Southern, J 

On motion the report was received. 

The President — Gentlemen, the sabject of the report of the Committee 
on ValveB and Valve Gearing, is now open for discassion. 

Mr. Hudson, Rogers Locomotive Works — Mr. President, the sabject of the 
comparative sizes of valve openings is a very important subject, and one 
upon which I know a great many authorities disagree. Experiments have been 
tried — and I remember some years ago the United States Government tried 
some experiments in New York at the Novelty Steam Engine Works — and I 
understood that they tried the effect of diminishing the port in order to as- 
certain how far the ports could be diminished without impairing the effi- 
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ciency of the engine, and they discovered that the ports could be diminished 
vithont material detriment to the working' of the engine. They then tried 
what the effect of diminishing the passages in the same ratio would have, and 
they found that they could not do anything ; in other words, the diminish- 
ing of the passages entirely destroyed the efficiency of the whole thing. 
Therefore, while you may make the ports operate diminished half their size, 
yen most not diminish the passages at the same time; if you do you will 
obtain no benefit, but rather lose. I think that is a very important point ; 
and I know from my own experience the eflect to be as I have indicated ; 
and while I am ready and willing to make the ports as small as any one may 
want, I want them to let me make the passages as I wish ; then I will guar- 
antee the results ; but any one who insists upon the passages being reduced 
as the ports are reduced, will certainly be disappointed in the result. 

Mr. Eddy, Boston & Albany Bailroad — Mr. President, when I came here 
I did not mean to trespass much upon the time of this Association, and I do 
not intend to now, for I suppose it is not necessary for me to say much on 
this valve question, for all before me know before I speak very near what I 
woald say in the main. In relation to what the last gentleman has said 
abont increasing or diminishing the size of the openings, I would simply say 
irhat I do. For my freight engines I make the passage way ten inches by 
>iie and a quarter inch. I keep the opening of the port the same, ten inches 
iy one and a quarter inch ; for passenger engines I make the ports twelve 
nchee long in the room of ten inches, leaving the passage way the same in 
Eush instance, without saying whether it is right or wrong. All you who 
ave been our way, and taken the pains to see how our engines do their busi- 
e80y can tell as well as I can whether it is right or not. I can simply say 
lat they do what is given them very well. My opinion is that a passage 
'ay ten inches by an inch and a quarter, is sufficient for a cylinder not more 
lan eighteen inches by twenty-six inches. 

Mr. Hudson, Bogers Locomotive Works — Mr. President, the reason I be- 
[eve why passages need to be large, is not for the purpose of getting the 
:eaiii in, for we all know we can get it in. The proportion of area of open- 
ly in the throttle valve is usually very small as compared with the size of 
le steam pipes, but there is no difficulty in getting steam through it unless 
e diminish the pipes in the same ratio, and then there is great difficulty. 
'he area ' of these passages, then, is wanted for the increase of volume of 
team at the time of exhausting. The moment you relieve it from the pres- 
are the volume is increased, and it wants more room to get out ; and that is 
be reason why large passages are required. Now, with regard to balance 
alvcs, I can not say that I am favorably impressed. All the information I 
kave been able to get with regard to them has not been very satisfactory. I 
^as at the North London Bailway last summer, and I saw some seven or 
»i.ght different kinds of balance valves which they had tried, and they kept 
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an accurate account of the results in the performance of engines with the bal- 
ance valve, and they all, so far as consumption of fuel was concerned, gave 
inferior results as compared with the ordinary slide valve ; and so far as wear 
and tear was concerned, there were very few of them any better than the or- 
dinary valve, and they had taken them all out and were using the ordinary 
valve. 

Mr. Fabies, Atchison, Topeka, & Santa Fe Bailroad — I would like to 
know what the throw is with 50 or 25 per cent, cut-off; I would like to know 
the expansion it would give to that length of port. I think it is proper that 
we should understand just how that valve works with this short port. 

Mr. Eddy, Boston & Albany Bailroad — ^The throw that I commonly give 
is five inches. I have them five and three-quarter inches, but that is the 
maximum in regard to the fractional part of the throw. I do not know that 
I can give that. The gentlemen may, perhaps, be aware that we have what 
18 called a hard road. Our road is crooked, and the grades are heavy, being 
all the way from a level up to eighty-two feet to the mile. We have one 
grade that is eighty-two feet to the mile for twelve miles. Our engines have 
to perform all sorts of service, from hauling heavy freight trains at a slow 
rate of speed to heavy passenger trains at a high rate of speed. We have 
had engines from quite a large number of builders, and as you are all aware^ 
some of them make long ports, and we have found that invariably those en- 
gines do not come up to what they should be in comparison with engines with 
a shorter port. I have no theory to offer, Mr. President, in this case, only 
actual experience, which, I suppose, is about as good as most anything. I 
give, for my passenger engines, about seven-eighths of an inch lap, and cut 
them over about a sixteenth of an inch, so that they are cut over the sixteenth 
of an inch on the inside, with about seven-eighths of an inch lap on the out- 
side ; for freight engines about the same inside, and three-fourths of an inch 
lap outside. 

Mr. Jackman, Chicago, Alton & St. Louis Bailroad — Mr. President, 
there is something that I want to say on this subject, and I hope the mem- 
bers of the Convention will bear with me if I should take a little more time 
than they think I ought to. I believe like this. Our committees are ap- 
pointed, and they serve us to the best of their ability in every possible way. 
They make us reports that cost them a good deal of labor ; and sometimes I 
find that some of our papers, devoted particularly to railroad science, say too 
much time is spent in the discussion of subjects — "You should not discuss 
subjects. Do your business, and then go home. When your reports come 
in, accept them, and have them printed, and get your business done in that 
Way.'' Now, I do not believe, for one, that that is the business of the Con- 
vention ; and I do not believe that that subserves the interests of the Master -r. 
Mechanics, or of the railroads they represent. No matter how full the re — 
ports may be, and how much they embrace, what we want to get at is the ex — 
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^xrience of every man who has had practice in the suhjects brought up. So 
as balance valveg are concerned, I have had a little practice, or a little 
zperienoe, during the year and a half past, or perhaps longer than that, 
riiH one or two engines, and I would like to relate that experience. The 
rst that we experimented with were of the Adams pattern or patent, which 
U of you know very well. We had them on two engines doing switch ser- 
ice nearly three years, and the results have been very good indeed. They 
not been very costly to maintain. I took them up occasionally, perhaps 
nee a year, or a little more than that, and found that the seats worked very 
oody and the valves also, and the upper surface of the steam chest, where the 
X>art works, wears very smooth, and it does not require very much work 
Ibo fix them, while the men who handle these engines say that they handle 
Isetter and easier than with the other valves. They like them. We have ex- 
]perienced no difficulty with them. On the strength of this experience I put 
Che same valve on another engine that is now running a passenger train, and 
been with that valve for the last six or eight months or more. The same 
access has attended that. It has worked well. Mr. Elliott, of the Ohio & 
ississippi Railroad, desired me to test his valve, which I have done. I 
Chink we have six engines running]wtth the Elliott valve in use, but so far 
^ka its operations are concerned, and how much saving in the facing of the 
"^ralve seats may be made, I can not tell as yet, having used it only eight or 
Kline months. We have not taken up one to face it in the whole time. I put 
Cwo of those valves into an engine that was running regularly on the road, 
cuid sent the engine out without saying anything to the man running the en- 
ne about my having changed the old-fashioned valve for the Elliott valve; 
in running the engine he never discovered the difference in the working 
of the two; and after he had run her a long time I told him. I do not know 
they handle any easier with that valve than with the other, but they give 
a more extended surface of valve, and, as you know, with the same fric- 
ilion on a more extended surface, the surface must wear longer. Then, again, 
Sn letting steam in, the question comes up as to whether we need all the 
length and breadth of port in order to work the engine successfully. To de- 
termine that point we drilled an inch or an inch and an eighth holes, and as 
xnany as we could in the length of the valves, leaving three-eighths of an 
inch space between the holes. I sometimes got in ten holes, and in some 
valves I got in eleven one and an eighth inch holes, and that is all the room 
for the increase of steam that we have, which, of course, is considerably less 
than the port itself would be if we used the old-fashioned valve ; on the other 
hand, you will bear in mind that for the exhaust we have exactly the same 
sized opening of port that we do in the old valve, and the lap on the inside 
is precisely the same as the old valve. Now, in our engines, I find that there 
is no difficulty in admitting the steam, even if you do not open more than 
lialf the port, you get steam enough in to work the engine ; but the difficulty. 
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I contend, would be, if any, in narrowing up the ports, or in shortening them' 
to get rid of the steam from the cylinder after it had performed its service 
there ; and I do not believe that we should find it useful in any way to di- 
minish to any very great extent the ports and the passages, so far as getting 
rid of steam is concerned. The injection ports, or the openings made by the 
valve, may be made smaller, but the ejection port, I think, must be maintained 
about as large as we have been in the habit of using them, in order to ged rid 
of the steam easily and readily. There is another kind of valve that I have 
been trying. It is a valve gotten up by a man in California, called the Col- 
lier & Masterman valve. It is like this : you have placed on the top of the 
steam-chest cover a cylinder which is carried up some twelve or fourteen 
inches in height — that cylinder is pretty large — and inside of it there is an- 
other cylinder that rotates on trunnions, and in that cylinder there is a 
piston ; the valve is connected by a link to this piston, the piston working 
in the upper or inside cylinder that rotates easily by means of trunnions. 
By using that piston you take off as much of the pressure from the valve as 
you give size to the cylinder, comparatively. I have fitted that on about ten 
engines which have been running for more than a year. Although there is 
some trouble sometimes in taking up, adjusting, fitting, and packing, as a 
general thing we have no great difficulty with it. In good condition it 
works nearly as well as the balance valve. I have ridden on the engine 
naving that valve, and have taken hold of the reverse lever and pulled it up 
between two notches, letting it stand there while running two or three miles 
without moving one way or the other — it would hold itself there. Then I 
could easily move the reverse lever backward and forward with one hand 
while the engine had full steam on. In order to get rid of the steam that 
may leak by the packing, one of these trunnions is drilled through and 
the steam passes by the packing into the cylinder through this trunn- 
ion. On the outside of the engine we i)Ut a little pipe, screwing it into that 
trunnion and putting packing around it; we then have a little gland that 
screws up on that, and on the outside of that gland we make a hole and put 
a little gas pipe in, bringing it down the side of the large cylinder, and then 
it is carried off to the front of the engine, one from each side. When we are 
first starting, sometimes, there will be a little leakage by that cylinder and 
the steam will blow out a little from the cylinder cock. The last time tha^ 
I noticed one of those engines was the day before I came here. As one of 
our passenger trains went by the shop where I was standing, I watched care- 
fully, and at that time, when the engine was running with full steam on, 
there was not a particle of steam that I could discover coming out from thes 
pipes, and I looked particularly for that purpose. But, as you know, the 
working of this piston which is caused by the movement of the valve can b^ 
but very little — it does not move more than a quarter of an inch at mos 
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the consequence is, as we use metallic packing there, that after a time it will 
wear a little groove in the inside of the cylinder, but we have all these diffi- 
culties of wear any how, and, in fact, I do not know of anything that we use 
about a locomotive continually that will not wear out after awhile and have 
to be replaced. Sometimes we have to take these cylinders out and rebore 
them and refit the packing, but notwithstanding all that I do not want the 
Convention to understand that these things will not wear out as long as they 
are continually in use, nor do I want the Convention to understand that we 
can use these balance valves without some cost in the first place in putting 
them on. We have had about ten or twelve engines running for a year with 
those valves, and have had no great trouble during the time. There are 
four of them running on passenger trains and the rest on freight, and I con- 
sider that they have been tolerably successful ; the arrangements certainly 
relieve the valve of a good deal of pressure. That is all the experience I 
have had with the balance valves. I have one other engine with the bal- 
ance valve that was built at the Schenectady Locomotive Works, where they 
put the balance valve on — but whose I do not know ; but it is something 
like the Adams valve, and yet not like it, and I do not think so good as it, 
although the engineer was saying to me the other day that he wished I 
would put one on another engine he was running, because the one that had 
it on handled so easily. This valve that I speak of has an oblong top 
instead of a circular one like the Adams, and grooves cut with packing in, 
and that packing must join at each corner ; these short pieces go in and 
these long pieces butt against them. I do not know whose patent it is ; it 
was one that was put in at the Schenectady Locomotive Works for us to test. 
It has worked tolerably well. The engine has been away from the shop run- 
ning on foreign service, you might say, almost all the time, and consequently 
I do not know the real merits of it. So far as the Adams valve or lapping 
valve is concerned it has worked well, although I can not tell its relative 
merits until we take the valves up to face them. The Collier & Masterman 
valve has given us good service and we have had no particular trouble with 
it. What I wish to say in regard to this matter is that whenever these 
reports come in, and whenever any one in the Convention can give us any 
light or experience upon the subject, I for one will most cheerfully sit and 
hear all that can be said, and I believe that is just exactly as the rest of you 
feel. We can not get at the real results except through the experience of 
those who have tried these things. Further, I am free to say to this Conven- 
tion that I never have a single interest to subserve, and that there is nothing 
in the world that I want to urge upon you or have the Convention adopt. I 
simply desire them to find out the truth in all these matters, and to learn the 
best methods of practice for us all. I never have any other point to make; 
and if there is anything that I have tried I do not want the Conven- 
tion to think that, because I have tried it or used it and continue to use it, it 
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is the best thing in the world. What I want them to know is the best possi- 
ble practice ro far as the operation of engines is concerned. 

Mr. Hayes, Illinois Central Bailroad — Mr. President, I would like to ask 
Mr. Jackman what the resalts are in the consumption of fuel with those bal- 
ance valves as compared with the old slide valves ? 

Mr. Jackman, Chicago, Alton & St. Louis Railroad — ^I do not think there 
is three per cent, difference between them. I have noted them at different 
times ; our fuel sheets show that those engines that have these balance valves 
on will run cheaper some months than they do the same months of the next 
year without ; then, again, I find times when they do not run so cheap, and 
I have come to the conclusion that so far as fuel is concerned we can- not 
count on more than three per cent, advantage, comparing them with the 
other engines that do equal service. The great saving, if saving at all, mast 
be in the wear of valve gearing and the saving of facing on the valve. Now, 
those engines on which these balance valves were placed were very bad, so 
far as their valve seats were concerned ; for instance, one of the first that I 
put the balance valve on cut down the valve seat on one side more than a 
quarter of an inch in one trip, from some cause that I never could explain, 
and that was one thing that induced me to try the balance valve; and since 
the adoption of the balance valve, not only on that engine but on the others, 
I think we have saved a good deal on the valve seats. It may be thai the 
cost of putting the valve on and the cost of maintaining it has equalled what 
it would have cost otherwise ; but it seems to me if those valve seats had 
continued to wear down as they were doing that we should have had to pat 
new cylinders in long ago. I would not state that the consumption of fuel . 
would be more than three per cent, in favor of the balance valve. 

Mr. White, Evansville & Crawfordsville Bailroad — Mr. President, I will 
say that the balance valve that Mr. Jackmftn speaks of, with the cylindei 
arranged on top of the steam-chest cover, with the piston link connecting 
with the packing of the valve, I got up more than twenty-five years ago. 
There were others ahead of me, it seems, but I did not know it at the time 
I made a drawing and submitted it to the inspection of Mr. McQueen, Su* 
perintendent of the Schenectady Locomotive Works, and we talked up tha 
matter some time, and I was about to put it into operation and see whar 
there w&a of it, and designed, if a good thing, to get it patented, but L 
learned very soon that a man at Worcester, Massachusetts, Jiad got th» 
same thing in operation on the Boston & Worcester Bailroad. I think. :^Kfk» 
from the fact that it was tried so long ago, that if there was really madf ^^^^ 
merit in it, before this time it would have gone into general use ; I have no^cz^ot 
heard anything about it, though, for a number of years, until now. Mr"^' — 'C* 
Eddy, from that part of the country, probably could enlighten the Convent -*" 
tion some on that subject, and probably give the Convention some reaisoi^c- o 
why it did not go into general use. 
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Mr. Jackman, Chicago, Alton & St. Louis Bailroad — Mr. President, I 
think I could enlighten the gentleman a little on that, having run the 
engine on the Boston & Worcester Railroad that had the valve in a good 
many years ago. I will state that there is this difference between the one 
we used and the one the gentleman refers to. The one that the gentleman 
refers to had a cylinder on top of the steam chest and piston working in 
that cylinder; the one that I refer to has a cylinder on top of the steam 
chest, and another cylinder within that rotating on two trunnions, and a 
piston working within that. That makes a difference between the two. 
The one on the Boston & Worcester road, I think, run about two years in 
all. I run the engine having it a good deal myself. There was one diffi- 
culty that I experienced with that. If you got the engine slipping it would 
lift the valve off its seat, lift it up out of the way entirely, and with a pas- 
senger train on the road I have had to stop and take off the steam-chest 
cover, and find where the valve was and put it down in its place, before I 
could go on. Otherwise that valve worked very well, with the exception 
that there was no provision made for the outlet of the steam that leaked by 
the packing of the valve, and we had to make the packing tight enough so 
that it could not leak; but if it did leak by enough to fill up the piston 
you would get no advantage of the valve there. After using that valve for 
about two years it was put on an engine called the ** Bee" built by Wilworth, 
of South Boston, and after being used about two years was taken off. 

Mr. White, Evansville & Crawfordsville Bailroad — I have to say that 
there was provision made in this arrangement of mine for the leakage of 
steam to pass off, so that did not interfere at all. In order to prevent the 
valve from lifting of course there would have to be a very nice adjustment, 
and not have the piston in the cylinder too large, otherwise it would lift. 
There is one very good thing about it, and that is the pressure is both ways 
in proportion, and it does not make any difference what the pressure in the 
steam chest is, the piston that raises the valve has its proportion of the 
pressure, and nothing will lift it off if the calculation is made right. 

Mr. Hudson, Bogers Locomotive Works — Mr. President, in regard to the 
lifting of the valve I apprehend it would depend a good deal upon whether 
the engine was reversed or not. I think if it lifted at all, that would be the 
time it would lift. 

Mr. Chapman, Cleveland & Pittsburg Bailroad — I would state to the 
members of the Convention that I have recently put in a couple of valves, 
known as the Cummings valve, patented by Mr. Cummings, Master Mechanic 
of the Fort Wayne Bailroad. I just took an ordinary valve and attached 
to each end of the valve a piece so as to shorten the ports, leaving the port 
in the .cylinder the same as it was previous to shortening it — an inch and a 
half upon each end. I think we are going to get very good results from it. 
I have been able to enlarge the exhaust nozzles from four to four and a half 
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and am giving them a trial. 

Mr. Jackman, Chicago, Alton & St. Louis Railroad — Mr. President, I 
want to state one thing that I forgot, if jon will bear with me. We are 
using now, on three or four engines, another thing, and I want to state what 
it is so that every one can take advantage of it. We plane out a groove on 
the bearing surface of the valve of, say three-quarters of an inch in width, 
by almost the length of the valve, leaving the ends inside, then drill a little 
hole an eighth of an inch at each end down into that place and pat the 
valve in. The first time I tried that was four months ago, I think. When 
the engine went out from the shop the man who took her out says, ''she 
blows; I think we shall have to take these valves out and replace them." 
So I had a new set of valves, all fitted exactly every way, so as to just lift 
the cover ofi" and replace those that we had grooved oat with the others. 
After that I let the man run her on passenger trains. I pat the air brake 
on her and put her into the hands of one of our very good runners, and run 
a passenger train between Bloomington and Chicago — one of our heavy 
trains — and after he had run her two or three times he came to me and 
said, ''what in the world did you do to the valves of that engine? I used 
to run that engine before you put her in order on a freight, and she is an 
entirely difierent engine now ; what did you do to the valves?" I said we 
did not do anything. " Why, certainly you have done something, for the 
engine don^t handle as she used to handle.'' Then I told him just what we 
had done — that we had cut those grooves, and he said the engine handled a 
great deal better and a great deal easier. He had run the engine previously 
a great deal, and he discovered it without knowing anything about what 
had been done, so that I rather came to the conclusion that there was really 
some merit in those grooves. The only difficulty that there can be in it is* 
this : At a certain point you may have what steam will blow through 
one-eighth inch hole down into the steam port. That may be a disadvant 
age, but there is only a certain time during the stroke of the engine that 
that can take place. During the other part of the stroke you have what 
steam goes through, and from this three-quarters by fourteen or 
inches port, to lift up on the valve and take that much weight off the sar— " 
face. I wanted to state this fact, and state what this engineer said about it- 
On the strength of that experience I have put the same thing into three oi 
four engines since with pretty good results. It has not been more than fouM 
months since the experiment began, so I can not tell you what the resalr 
will be finally, but I simply suggested to the Convention. It is a simpU 
easy thing to try, and any one can try it, for I do not think there is anj 
patent on it. 

Mr. Chapman, Cleveland & Pittsburg Railroad— Mr. Jackman, let m» ,*i3fie 
understand you. Do you cut that groove across the end of the valve? 
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Mr. Jackmak, Chicago, Alton &. St. Louis Bailroad — No ; we cut it 
lengthways. I cut some both ways, lengthways, and the other way ; but I 
had to give that. up. This cutting on the edge of the valve did not succeed* 
It is simply the groove on the longest way of the valve. Just groove it out 
the length of the port. . 

Mr. Elliott, Ohio & Mississippi Bailroad — Mr. President, I was very 
much pleaded to hear Mr. Chapman make the statement that he did make, 
as it is simply a modification of the valve I am using. It is simply an end 
bearing valve, the bearing created on the receiving point, and it also shows, 
that as Mr. Cummings stated to me, we do not require near the amount of 
port to admit the steam, as he has narrowed up the port to nine inches, I 
think. The fifteen inch port in the cylinder is contracted on the valve by 
putting on this end bearing, so that he has only a nine inch port; still the 
engines do just as good work as they ever did. It is exactly what I claim 
as my improvement. The model that I saw Mr. Cummings have last year 
is altogether difiPerent, so far as the carrying out of the bearings is con- 
cerned, from the model that is in the patent ofiSce. It has a part extending 
out at the base, giving a steady movement to the valve; and that is what is 
accomplished by that plan, as adopted by Mr. Cummings. 

Mr. Hudson, Kogers Locomotive Works — Mr. President, some time about 
the year 1850, or from that to 1851, 1 was in charge of the motive power of 
the Buffalo & Rochester Bailroad ; had a couple of locomotives that were 
built at the Bogers Locomotive Works, with valves called the "V" valve, 
a valve in the shape of a great many throttle valves that had been used, 
taking steam on both sides. That was thought at that time to be an im- 
provement, and was made for the purpose of diminishing the pressure and 
still maintain the size of the port. Well, the operation of it was not en- 
tirely satisfactory, and I put new valves into those engines with an extended 
face at each end covering up one- half the ports, and I found a decided im- 
provement in the working, precisely as Mr. Chapman states. So long as I 
remained on the road those valves were in use, and continued in use for 
several years, working perfectly satisfactorily. 

Mr. Jeffrey, Illinois Central Bailroad — Mr. President, there is little 
doubt, in all probability, but what the area in the openings under the valve 
govern, to a great extent, the pressure upon the valve. I remember, about 
twelve years ago, Mr. Hayes made some experiments on the Illinois Central, 
the old road, by putting in the steam chest of one of the engines a plain plate, 
without any openings whatever in it, then fitting up to rest on that plate a 
plain block — that is, a block with a plain lower surface — no opening what- 
ever in the block. By use of the spring-balance and lever the required power 
to move the block was ascertained. After several experiments without open- 
ing, we drilled a hole in the plate so that the block would slide over it ; and 
we found as the area of these openings increased, the pressure on the block 
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increased, but not in proportion to the area of the openings — ^there seemed to 
be no direct proportion. Probably the reason of that is, that the surfaces 
were imperfect, although thej were made as well as they could be with the 
mechanics we had. The experiment was continued there for two or three 
dajs, and the general conclusion was established that the pressure on the 
valve is dependent more on the opening under the valve than on the size of 
the valve itself. Of course we are all familiar with the experiment of pat- 
ting two surface plates together, and we know that the pressure of the air 
holds them so tight that one will lift the other by the vacuum between the 
plates, and it was supposed by Mr. Hayes and some of the rest of us at the 
time that the surfaces being made well would exclude the steam, and the 
pressure would be due, not to the area of openings under the valve or under 
the block, but to the area of the block itself. That, however, as we found, 
was not the case. Some seven or.eight years ago the question of the balance 
valves came up, and we made a square box valve without either top or bot- 
tom ; it was a Bogers cylinder with a double exhaust, and we had no bridges 
inside the valve, and no top to it. It extended up to within a sixteenth of 
an inch of the steam-chest cover. The lower side of the cover was faced off 
carefully ; then in the groove around the top of this square box was placed 
a square ring, if I may use the expression, on top right in this groove, and 
that was held up by four or six small spiral springs to the inside of the steam- 
chest cover, and the steam was also allowed to enter under this ring in order 
to hold it up there. The engine we had in use running some twenty months 
with it. During the twenty months we found no special difference in a mile- 
run per ton of coal. During the twenty months the seats of the valves were 
faced once, and the steam-chest cover on which the ring had a bearing was 
faced twice. In working on the road the reverse lever could be placed at 
any point whatever ; it made no difference whether there was a notch on the 
quadrant or not, showing that there was scarcely any friction on the valve, 
but for the most of the time there was a slight blowing. If there was any 
opportunity for the steam to escape over the ring, or around under, between 
it and the groove which it fitted, it could go out the exhaust. There was al- 
ways a slight blowing in consequence of this, and it may have been that that 
accounted for the engine not showing any better mileage per ton of coal. It 
stands to reason, of course, if the friction is lessened on the wearing parts, 
that it must take a little less fuel to move the machine ; but then to offset 
that would be this continual blowing. After the experiment with that valve 
was tried, we took an ordinary valve — the Eogers valve, double exhaust — 
and placed on top of it a plate as long as we could put into the steam chest, 
bolted right down on top the valve. That plate was surfaced off very nicely. 
On the inside of the steam-chest cover was cast a groove ; that is, there was 
a projection downward, and a groove cast or planed out carefully, and in 
that was fitted a ring so that the weight of it came down on top of the plate 
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*t vas on the yalye, endeayoriDg in that waj to make a tight joint there 
exdade pressure on top of the plate. We ran a few trips, and the yalve 
Ddled tolerably easj, but at the end of that time we found it was just as 
'd work to use the reverse lever as it was before we put it in. The next 
^eiiment tried was bj casting a valve, we will saj, the full height of the 
iin chest ; then planed off the under side of the steam-chest cover, and 
» planed off the top of the valve, so that it would come to within the siz- 
3iirth or not more than a thirty-second of an inch from the under side of 
steam-chest cover, the idea being that the continual drawing of the steam 
n into the cylinder through the ports would not allow the pressure to ac- 
nlate on top of the valve, there being such a slight space between the 
e and the under side of the cover. We found afterward that whenever 
sngine was working heavily the valve handled more easily than is ordi- 
ly the case ; but when the engine was hooked up to six or seven inches, 
irorking still lighter, that the pressure was about the same as ordinarily. 
ng the last six or eight months a pair of valves have been put in simi- 
> what Mr. Jackman described as the ** Masterman valve." They were 
n one of our passenger engines. The cost of them was rather heavy to 
;heT proved rather expensive ; and we found they did not give satisfac- 
T^sults, although the patentee claimed that there was some difficulty in 
rd to the proportions of the valve and the way they wefe fitted up. They 
lOt seem satisfactory to him there. However, it showed no difference in 
ael used, and there was a continual blowing through these cylinders past 
lacking through a couple of little pipes extending into the smoke box, so 
carry away the waste steam, but there wasn't any surface for the pur- 
of taking it off. We also tried two of Mr. Masterman's valves similar 
ose mentioned by Mr. White ; just a cylinder goes on top of the steam- 
; cover, but no oscillating cylinder inside, simple links extending down 
piston to the valve, requiring this piston to adjust itself into position 
the valve. From that we derive no benefit whatever. We had them 
r three or four trips, but had to take them out. We have also in use a 
of valves patented by Mr. Elliott, and the result so far is rather satisfac- 
Ordinarily, as we are all aware, valve seats were concave. With the 
ralves on Mr. Elliott's plan, we found the seats were convex. The prob- 
ty is that the valves spring down a little at the end, and so wear the seat 
itly convex. I believe that the valve has been shortened up a little ; and 
perhaps, that will not occur any more. The engineer running that en- 
reports that when she is working on the road hooked up to, say ten or 
ire inches', on freight, that he sees no difierence between her action and 
of any other engine of her class ; but when she is hooked down, full 
:e, and starting up a train, she does not work quite so smart, as he terms 
Loes not pick up a train quite so well as she would with the old valve. 
r. WOODBUFF, Iowa Central Railroad— Mr. President, in this discussion 



on valves I hear but little said about the travel of the valve. That, in mj 
estimation, is a verj important point — it is what virtually governs our 
power. On the engines that I have to contend with some have five and 
seven -sixteenth inches travel of the valve, and some four and five-eighth 
inches, and some have five inches. In one of the engines I have increased 
the travel of the valve from four and five-eighth inches to five inches, which 
has added greatly to the power of the engine. I would like to hear from 
the other members of the Convention relative to that point — ^the travel of 
the valve. 

Mr. Hudson, Bogers Locomotive Works — I want to make a correction 
in regard to one statement of Mr. Jeffrey. He called the valve the "Bogers 
valve." It is true that the valves were made by Bogers, but they are what 
is termed the ^^Hackworth valve," there being a bridge in the center of the 
exhaust port and the valve having two bridges in it. 

Mr. Jeffrey, Illinois Central Bailroad — I apologize to Mr. Hudson for 
using the expression ; we call them on the road " Bogers valves," and that is 
the reason of my using the term here. 

Mr. BoBiNSOK, Great Western Bailroad — Mr. President, before closing 
this discussion I wish to say that I think during the last half hour we have 
had ample proof of the necessity of a mechanical laboratory. There is n 
less than half a dozen gentlemen in this room who have been trying somi 
experiment. Now, I ask, is it right that we shall always be obliged to pa; 
for such experiments for the same engine on different railroads, or whethe 
it would be better for all the railroads to pay one dollar instead of a hun 
dred dollars in the end, to an institution that will try the experiments fa 
them ? If the mechanical laboratory controlled in the interest of any om 
line, or taking different lines every year, to conduct certain experiments 
obtain certain ends, it seems to me that we would get the same results 
about one-hundredth part of the cost. Instead of wasting money and every—' 
body trying the same thing, we should have these results in this Conventio: 
year by year ; and all those experiments which now we get in an abstract- 
way, different ones trying the same thing with different views altogether, d 
not give the same results that would be given if it was gone about scientific — -^^ ^ 
ally. This is only a side remark, Mr. President, to show that there is some— ^^ ^ 
thing in a mechanical laboratory. 

Mr. Hudson, Bogers Locomotive Works — Mr. President, I merely wisl*:^^^**^ 
to say a word with regard to the travel of the valve. When we talk about ao^^-^^' 
outside and an inside lap we ought always to say how much travel the valvc^^ ^^rv< 
has, because if we alter the travel of the valve, the outside and inside lap bein|^^ m:^{ 
the same, the points or cut-off in the different notches and the times of thc^-^^^^ 
exhaust and operation will be varied, and therefore you will have different^ ^^i^cnt 
results from the same valve with a different lap, or you may obtain slightljuC. ^ ^^ 
similar results by altering the lead; for instance, in place of giving th^-^^^ 
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vaWe lead in the first notch, put it into the second notch, give it the amoant 
of lead there, and you will obtain a result verj similar to what you would 
by changing the valve and travel of the valve. 

Mr. Jackman, ChicagOi Alton & St. Louis Bailroad — With regard to 
the travel I wish to say a word, Mr. President. We have no engine run- 
ning with less than four and a half inches travel ; we have some of them as 
little as four and a half inches, but we do not build anything with less than 
five inches, and the extreme travel of any that we have is five and one- 
fourth inches. I prefer either five or five and one-half inches. I do not 
know that I have seen any reason for increasing the travel beyond five and 
one-fourth inches for any useful purpose, so far as our engines are con- 
cerned. If we should put on some trains running fifty or sixty miles an 
hour, by and by with a track suitable for it, we might find it necessary to 
make a six inch travel, but five and a fourth inches is the travel on a 
large portion of our engines, and then there is another large portion which 
has five inches. 

Mr. Chapman, Cleveland & Pittsburg Bailroad — As the time is rather 
limited, I would move that the discussion on this subject be closed. 

Carried. 

The President — ^The next business in order will be to hear the report of 
your Committee on Locomotive Tires. 
The Secretary read the Report. 

Report of Committee on Locomotive Tires. 

2b the American Railway Master Mechanics* Association : 

Gentlemen — Your Committee on "Steel Tires, Wheels and 
Axles, also Chilled Tires,*' have received replies from the Master 
Mechanics of sixteen roads, but the details in some of the reports 
were so few that we are unable to report upon more than eleven 
roads. 

In the replies received some have stated the thickness of the 
tires when put on, and at the present time, but have omitted the 
mileage, others have estimated the mileage but not the wear of the 
tire, while a great many are of no value whatever. 

The superiority of steel tires having been already demonstrated, 
all that remains to be determined is which is the best tire, and how 
thin steel tires can be worn with safety. As it will take some time 
, for the steel tires now in use to wear out, we are not likely to obtain 
the desired information in regard to either of those points for some 
time to come. 
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The whole number of sets which have been reported on is 359 

Krapp ...127 Nashua 11 Cammell - 4 

Frith 50 Bowling 5 Low Moor 4 

Vicker 79 Naylor & Co... 3 Taylor 16 

Butcher 43 Petin & Co 4 Bolton 2 

Freedom 5 Washbume 5 Barrow 2 — I 

The performance of the above will be found in a table attach 
to this report. 

METHOD OF PUTTIITO ON BTBBIi TIBBS ADOPTED BY Tl 

IIiIiINOIS CBNTBAIi BAIIiBOAD. 





SETTING AND FASTENING STEEL TIRES. 

Upon this subject we have received replies from fifteen roads. 

Ten use shrinkage alone. 

Two use shrinkage and set screws. 

Three use set screws alone. 

The amount of shrinkage allowed is the following : 

Five allow j^j^ inch shrinkage to 1 foot diameter of wheel. 

One allows J^ inch shrinkage to 5 feet wheel and less in pro£ 
tion. 

One allows -^ inch shrinkage to 1 foot diameter of wheel if 
tire is softy and less shrinkage if it is hard. 

One allows -^ inch shrinkage to 5 feet wheel. 

One allows ^ inch shrinkage to 5 feet wheel ; a 4^ feet whe^l 
secures by a screw as shown in tracing. 

One allows j-^^uif ^^^^ shrinkage to 5 feet and 5^ feet wheeL 
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One uses set screws 1^ inch in diameter, and allows shrinkage 
h o£ an inch to 5^ feet wheel, and the same proportion to a 4^ feet 

One uses set screws and allows -^ of an inch shrinkage to 4^ feet 

wWl. 

One uses tap bolt through felloe of wheel, countersunk § of an 
Uicli in the tire. 

The Great Western of Canada uses set screws with thread of 
^Yew run ^ of an inch into the tire, but has no thread cut on that 
P<i^ of the screw which passes through the rim of the wheel. 

CHILLED TIRE. 

The Illinois Central Bailroad report having in use seveDteen set 
chilled tire in switching service on their road, of which no record 
been kept. 
The Southern Security Company, Lessees Memphis & Charleston 
ilroad, report seven set of chilled tire, of Mowry & Co's. manu- 
cture, under engines, the average weight of which is 58,894 pounds, 
^'^d the average mileage is 53,107 miles to the present time, and 
ey are still in good running order. 

The Jeffersonville, Madison & Indianapolis Bailroad has one set 
six tires ; have been in service three years, which is about their 
rage durability. 

The Eastern Railroad, has one set Labdell's tire under a twenty- 
^ur ton engine, 4^ feet driver, which has run to the present time 
,000 miles. 

REMOVAL OP TIRE. 

Have received reports from five roads only : 

The Eastern Bailroad (Massachusetts) removed one set of Yick- 
:*B flange tire after running 222,214 miles, and one set of Vicker's 
^lain tire after running 190,759 miles; the thickness when put on 
or at the time of the removal is not given in the report. 

The St. Louis, Yandalia & Terre Haute Bailroad removed two 
sets, respectively 1^ inches and 1^ inches thick, on account of be- 
coming loose ; the maker's name and the mileage not reported. 
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The New York Central & Hudson River Railroad removed o 
set each of Vicker's and French tire 1 J inches thick — did not ©c 
sider them safe any longer ; no mileage returned. 

The Atlantic & Great Western Railroad removed some when ; 
inches in thickness for the reason they were becoming loose ; tJ 
number of tire, mileage, or maker's name not given. 

The Jeffersonville, Madison & Indianapolis Railroad removed the 
sets varying from 1 inch to 1^ inches in thickness, on accouDt c 
stretching and becoming loose ; mileage or maker's name not giyen 

STEEL DRIVING AXLES. 

The Lackawanna & Bloomsburg Railroad reports thirty-two stec 
driving axles, about equally divided between " Krupp's " an 
"Nashua;'' has had two break, one being a "Krupp" and havin 
run 170,780 miles, and the other "Jos. Parks " having run 127,54 
miles ; the fracture was probably caused by running o£f the track a 
switches. 

The Eastern Railroad (Massachusetts) has in use ten of Krupp 
manufacture and thirty of Vicker's ; thinks their superiority ov( 
iron justifies the di£ference in cost. 

The Great Western Railroad of Canada prefers good axles ( 
hammered iron. 

STEEL TRUCK WHEELS. 

But few roads reports upon this subject, but all who did spok 
favorably. 

The Northern Railroad (New Hampshire) has in use about ninet 
steel tired trucks of Washburne manufacture which are doin 
splendid service, one set, for example, having run under a heav 
freight engine almost four years and are in good order at the presen 
time. 
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Bespectfally sabmitted, 

J. N. LAUDER, IforOi, 
ALBEBT GKIGG8, ~ 
F. A. WAITE, £. ' 



Northern R B^ ) 
3B, W. & N. R. B., \ Cam 
J. i M. B. B., } 



On motion, the report was received. 

The Pbbbidbnt — I tsbe occwion here to call the attention of th< 
berB to their duty in answering the circulars sent ODt by the comi 
You see, by this report and several othere, (hat out of some two hnndr 
sixty or seventy members, we have but very few answere. Each meml 
aoawer the circulars or lome parts of them. I make this remark in 
of the committees and their reports; it is a daty we owe to this Ama 
to answer, in every instance, the circulars that our committees send out 
subject of the report of your Cotninittee is now open for discussion. 

Mr. Wklls, Jefiersonville, Kadison, & Indianapolis Bailroad — Hi 
ident, I see by the report of that Committee that the road I represent ( 
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tate the namber of miles made by the set of tire worn out. It is my im- 
)re68ion that I gave the mileage, although I may be mistaken about it ; but, 
mticipating that this subject would come up for discussion, I had a few min- 
lies* leisure before I started, and I went to the books and took oS* a memo- 
tindam of the mileage of two or three sets of steel tires that were worn out; 
ind in regard to this subject I will state that one of the locomotives under 
irhich a set of steel tires was worn out, previously had a set of iron tires of 
.he same thickness, and it was worn down to the same thickness that the steel 
ire was when it was thrown away. The mileage made by that set of iron 
lire was 76,620, which was equal to 3,821 miles as made to the one-sixteenth 
^f an inch. That one-sixteenth of an inch included the amount taken oS 
iuring the different turnings. A set of steel tire under the same locomotive, 
engaged in the same service — hauling freight — run 7,652 miles to the one- 
sixteenth of an inch, just about double the mileage of the other. The steel 
tire was Vicker's manufacture. The total mileage of that tire was 15,346 
miles. I will state that the tire was only two and three-eighth inches thick 
when it was finished on the wheel. Another locomotive, No. 12, with a five- 
foot wheel, made a mileage of 151,476 miles until the tire was worn down to 
one and an eighth inch in thickness. That was an average of 7,573 miles to 
the one-sixteenth of an inch, and included, of course, all the various turn- 
ings. Another locomotive of the same size, a five-foot wheel, made 181,059 
miles, which was equal to 9,052 miles to the one-sixteenth of an inch. An- 
other one made 152,334 miles, until the tire was worn out, an average of 7,616 
miles to the one-sixteenth of an inch. The weight on the first engine upon 
each driving-wheel was 8,950 pounds ; upon the second one was 9,640 pounds ; 
the third one was 9,075 pounds ; and the fourth one was 9,400 pounds. These 
four sets of tire averaged nearly the same. There were four sets in all ; one 
of them was Vicker's tire, and the other three were Krupp's. 

Mr. Jackman, Chicago, Alton, & St. Louis Bailroad — Mr. President, I 
am very much pleased with the remarks of Mr. Wells, so far as the operation 
of his steel tire is concerned, and as far as our practice goes, taking the wear 
of the tire that he has given us here, it corresponds almost exactly with my 
experience. For instance, if I take a tire of iron and wear it out, and then 
a first-class steel tire and wear it out, I find that the steel tire gives just about 
twice the service that the iron tire does, and that we wear out steel tire on 
our freight engines in about five years, and the iron tire we wear out in about 
two and one-half years. Our tires do not run 15,000 miles to the one-six- 
teenth of an inch, wearing either in freight or passenger service. We have, in 
one or two instances, put on light engines the " Butcher tire" that were made 
when they first commenced making tire, and they were hard like glass or 
flint. Those worked extraordinarily well ; but then that is no measure for 
the general wear of iron tires ; and I want to say that so far as the cost of 
steel tires is concerned, we could not afford to use iron tires if they were given 
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to ns, taking steel tire at the price we pay for them. I woald not undertake 
to do it, hecause, in the first place, the steel tire after once set does not get 
loose until it gets down pretty thin. I make a practice, however, not to run 
our steel tire down to less than an inch and a half. That is about as low as 
I dare run a steel tire unless it be on some engine that is working in the 
yard, or where it does not get out on the line. When they get as thin as 
that I consider it is better to take them off than to run with them, risking 
their breaking when there is some frost in the ground, or when the track is 
frozen pretty hard, biecause it puts us to more trouble than it would to re- 
move the tire earlier. 

Mr. Brown, Western Division of the Delaware, Lackawanna, & Western 
Kailroad — I would like to inquire what thickness of tire wears out in five ^^ .^. 
years* time. 

Mr. Jackman, Chicago, Alton, & St. Louis Kailroad — ^Two and a half '^ X'Jf 
inches, or two and three-fourth inches. I do not order any now less than .mrw^n 
two and three-fourth inches; but still the first we had were two and a half ^X!Jf 
inches. After they were put on they turned up full two and a half inches. 

Mr. Brown, Western Division of the Delaware, Lackawanna, & Western .«3KTxn 
Bailroad — That really would not be a great mileage. Forty thousand mi1rm-> — m co 
is generally a large mileage per year for a locomotive, and if it was worn oot^ jc^rut 
in five years' time, that would only be 200,000 miles. We have instances oft<^:^ of 
tires wearing 150,000 miles without turning. 

Mr. Jackman, Chicago, Alton, & St. Louis Kailroad— They don't do tha^ 
for us though. I want freely to express that, and to be fully understood. M 
know that people tell me about tires running 100,000 miles. One man says 
to me here a year or two ago : " All our tires are running on the second hun- 
dred thousand miles and have never been taken off yet.'' I looked at hi 
with astonishment, and asked what his engines did : " Do they do anything? 
Ours don't run anything like that. After they have run 20,000 or 25,00#O<D00 
miles they want turning. That is the experience I have had. I don't know«=^ -ow 
whether our engines do harder service, or^whether our track is more slipcy ^ -^ip' 
pery, and they have to use more sand going over the same ground ; but ' ^ ^nt I 
know they wear these tires out in less time than some people talk about. 

Mr. Sedgley, Lake Shore & Michigan Southern Kailroad — I would liksf m: iike 
to inquire of Mr. Jackman what cause leads him to remove a steel tire at ^MW" -d ^^ 
inch and a half thickness? Upon our road it is not an infrequent thing fc^^^ ^or 
tires to be an inch thick, and not become loose upon the wheel, and we hav^r^-^^ ^v® 
had no trouble in running them; besides, I think that the mileage is wort^'HKrorth 
a great deal more to us after the tire is an inch and a half thick than wh^..«=^ hen 
it is two and one-half inches thick. I simply ask for information. 

Mr. Jackman, Chicago, Alton, & St. Louis Kailroad — Mr. President, ^-:Mi, I 
will state the reason which Mr. Sedgley asks for. Here, two winters ago, ii^' - ^G 
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'Mnad a prettj hard winter. I sent two engines out with tires a little more 
Ahan an inch and a half thick in each case ; thej got out about twenty miles, 
sudd I had to send out and pull both engines in with a broken tire, while our 
^engines with tires thicker than that stood it all through ; but I found when 
"fthej got down to that they would not stand hard winter service. Therefore 
'JL concluded that it was not best to risk the lives of the people connected with 
'^he train. 

Mr. Sedgley, Lake Shore & Michigan Southern Bailroad — Whose make 
of tire were these you speak of? 

Mr. Jagkman, Chicago, Alton, & St. Louis Bailroad — Those were the 
dicker tire that I speak of. 

Mr. Hates, Illinois Central Bailroad — I was going to ask the same ques- 
'tion — the thickness of the tire when they were taken off, and whose make 
they were. We have worn out on our road quite a number of sets of tire, 
and especially in the summer time, and we have not taken them off until 
they got down to, say an inch and a quarter, or an inch and three-eighths in 
thickness. We have run through the cold win ters also in a great many cases 
with them down even as low as that — through the severe winter that we had 
two years ago. I think that tires may be run with safety in the summer time 
mnch thinner than Mr. Jackman speaks of. 

Mr. Jackmak, Chicago, Alton, & St. Louis Bailroad — ^In the summer time 
I have no doubt but that it would be safe. 

Mr. Hates, Illinois Central Bailroad — The average life of a tire in my ex- 
perience has been about five years, about the same as Mr. Jackman's experi- 
ence, and the average thickness is about two and three-quarter inches. The 
number of miles averaged by tires, as shown by the report of the Committee, 
according to my recollection, is 165,000, taking passenger and freight to- 
gether. However, I would state that the early tires that were put on were 
only two and a half inches thick, while those that we use now are two and 
three-quarter inches thick. I think that the general average, so far as the 
wear is concerned, and the turning, would be about 10,000 miles to the six- 
teenth of an inch ; but, taking, as I heard Mr. Wells say, the whole thick- 
ness of the tire — 

Mr. Wells, Jefferson ville, Madison, & Indianapolis Bailroad — No, sir ; I 
took the thickness of the tire from the time that they were put on new until 
they were taken off. 

Mr. Hates, Illinois Central Bailroad — ^Then our experience will run above 
yours. Ours will run about 10,000 miles while yours is about 7,000. 

Mr. Miles, of Philadelphia — Mr. President, I would like to ask Mr. 
Wells, who has given us such careful figures on those four sets of tire, whether 
he can fix upon any definite amount of wear to turning — that is, how much 
they will wear before you have to turn them — whether it is constant, or 
whether it varies ? 
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Mr. Wells, Jefiersonville, Madison, & Indianapolis Railroad — I presume 
that there is nothing definite about it. It depends almost entirely upon the 
service rendered by the locomotive. I find that locomotives pulling freight 
trains on level roads will not make as great mileage per one-sixteenth of an 
inch wear as those running on grades where the grades are up and down, 
from the fact that those running upon level roads are loaded down to about 
their capacity to draw, and it is a constant pull the entire length of the road, 
and there is an imperceptible slip — as you may call it — going on constantly, 
under the tire, while the locomotive is running ; in other words, the revolu- 
tions of the tire are greater in number than is due to the length of the track 
passed over. Although the slip may not be perceptible to the eye, it is taking 
place constantly ; and it is that imperceptible slipping that is going on all the 
time that wears the tire of the locomotive so fast on a level road drawing 
freight trains. I also find that our locomotives running on passenger trains 
will make very much larger mileage to the one-sixteenth of an inch wear 
than those hauling freight. Our road is comparatively level, and the freight 
locomotives are loaded down to about all they can pull and draw to their 
full capacity nearly the entire length of the road. We have one passenger 
locomotive that has made 135,425 miles, and the tires are not yet worn out; 
and so far as they have worn the average mileage to the one-sixteenth of an inch 
wear has been 13,542 miles. The weight upon those tires is 10,050 pounds. 
Now, there are two freight engines with a little smaller wheel with 10,025 
pounds weight upon each wheel that have made only 8,822 miles to the one- 
sixteenth of an inch wear, and 9,182 miles to the one-sixteenth of an inch. 
These are freight engines with the same weight upon the driving-wheels as 
the passenger engines, and make 9,183 miles against 13,542 miles run. I find 
that the freight vary from the passenger locomotives just about in that pro- 
portion. We have other passenger engines, one of which has run as high as 
31,205 miles to the one-sixteenth of an inch wear ; another one has made 
29,600 miles. 

Mr. Faries, Atchison, Topeka, & Santa Fe Railroad — What is the differ- 
ence in diameter ? 

Mr. Wells, Jefferson ville, Madison, & Indianapolis Railroad — ^There is 
in some of these one foot of difference in diameter. The locomotive that 
made 31,205 miles to the one-sixteenth of an inch wear has 10,625 pounds 
upon each wheel — heavier than the freight engine— and five and a half-foot 
wheel. The one that made 31,205 miles to the one-sixteenth of an inch wear 
was Butcher's tire, of Philadelphia. It goes under another name now, but it 
was made at the Philadelphia Butcher Works. And the one that made 
29,643 miles was Yicker's tire ; and the one that made 13,542 miles was 
Moulkbarry's tire. 

Mr. Lauder, Northern Railroad, New Hampshire — ^I see from the lists 
of subjects for committees to report upon for the ensuing year the subject 
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of Wheels and Tires, and I would like to refer to the importance of mem- 
bers giving lis a little more material upon which to make a report. I am 
now assuming that I shall be on that committee, which may not prove to 
be the fact ; but no matter whether I am on it or not, unless the committee 
can have a little more material it will be almost useless to make a report on 
the subject. I would also urge upon members the importance of giving us 
facts that are available, and not a general idea of what they are doing. I 
have noticed that the men who give us the best reports of steel tires, the 
most elaborate, go into the most details, invariably show that their engines 
make the poorest mileage to the one-sixteenth of an inch wear. My idea is 
that we don't get as much mileage to the one-sixteenth of ah inch wear as 
these reports show. I find that those that go into details — and I have no 
doubt that their reports are accurate — never show the amount of mileage to 
the one-sixteenth of an inch wear that those we report give us as a general 
average. Last year I had a letter from an important road in this country, 
giving no details whatever, but simply saying they had so many sets of steel 
tires, and that their average mileage to one-sixteenth of an inch wear was 
thirty thousand miles. I don't think that that can be so. Certainly it is 
contrary to all my experience, because I can not get sixteen thousand miles ; 
I would therefore urge upon every man, if he answers these circulars, to 
give us facts. 

Mr. Stkatton, Pennsylvania Bailroad — Mr. President, I would like to 
ask in measuring tires, whether the gentleman when the tire is worn out 
measures the turning and all, or whether only that portion of the tire which 
is worn away by friction? I should think that to measure only the amount 
that is worn would be the proper way. That made me think that calcula- 
tion was a little low for steel tires. 

Mr. Jackman, Chicago, Alton & St. Louis Eailroad — Mr. President, I 
would state my method of doing that. I put a set of tires on wheels for an 
engine and send them out. They are turned truly and carefully when they 
go out. After they have run a certain time and are taken in for turning, I 
find the lowest spot in the smallest tire of the lot, have it put into the lathe 
and I direct my man who turns them to always leave the spot of the origi- 
nal wear on that tire so that he can show me, if I complain, that he turns 
the tire too much, that he has not done it, that there is some of the original 
part of the wear left yet. I require that in all cases. That is the measure 
of what I consider the wear of the tire up to the time it has been run. I 
measure into the lowest spot, because you have got to turn them to that at 
any rate. In regard to what our friend Lauder has said, it is never too 
late to repent they say. I have been exceedingly negligent in years past in 
giving these returns and making replies to these questions that are asked, 
I will endeavor, if God should spare my life and health for a year to come, 
that I will be more faithful in that particular. I have sometimes been 
ashamed to send in any report, saying that we run tires and only get six or 



seven thousand miles to one-sixteenth of an inch wear, when the Master 
Mechanics' Convention reports that the average wear is fifteen thousand 
miles to one-sixteenth of an inch wear. It looks as though I were not doing 
my duty, and as though I did not get the service out of these tires thai 
other people do. Whether they get that amount or not I do not know, bu 
it seems to me a very astonishing fact. 

Mr. Lauder, Northern Bailroad, New Hampshire — ^I don't know whethe 
I quite understand Mr. Jackman, as to whether he measures the tire after i 
is turned or before it is turned. I want to know whether he measures th 
tire before it is turned, and takes the difference between the two for th< 
wear? 

Mr. Jackman, Chicago, Alton & St. Louis Bailroad — I measure the ti 
in the beginning before turning at all. Then after turning I measure i 
again. For instance : If I put a set of tires on that measure sixty inch 
when they first go out on the road, and then, after they have been ru 
and have been turned off they measure a quarter of an inch less than sixt; 







inches, why I conclude there has quarter of an inch been worn off from th» ^^jme 
tires from running. 

Mr. Lauder, Northern Kailroad, New Hampshire — I understand it no^ 
That is precisely my system. I measure the tire after it is turned ; and th» 
date and size of the tire at that time is recorded. When the engine oom< 
in again for tires it is measured. In that way you get the actual amount 
wear for the actual amount of mileage, although part of it is turned of 
Now, it seems to me, that those men that made reports of engines runnin. 
and making such enormous mileage may have been calculating in aaoth< 
way, estimating what the thing had worn, not taking into account what 
been turned. I certainly could come to no other conclusion, because ev( 
man I think in this Convention that knows any thing about the wear 
steel tires will say it is impossible for heavy engines in heavy service 
average thirty thousand miles to one-sixteenth of an inch wear. 

Mr. Woodruff, Iowa Central Kailroad — I would like to ask Mr. JacFrs^ ju;k- 
man, Mr. Hudson, and Mr. Wells what their usual practice is in Bettiiom: M '^va% 
tires about shrinkage? or whether they use water or let the tire cool in tUT^* th< 
open air? 

Mr. Jackman, Chicago, Alton & St. Louis Bailroad, Mr. President -* — 

will explain our method. I take a tire that has to be put on wheels, say, f? 
instance, the wheel center is sixty-two inches in diameter, I give to that ti 
one-sixteenth of an inch shrinkage. If the tire will not bear one-sixteen 
of an inch shrinkage I do not care to have the tire on, and the sooner 
breaks the better. We heat those tires to what we call a black heat, 
you take a pair of gloves or mittens you can hold them. We heat them 
that they will just barely slip on to the wheel. Then we let them stand 
the yard and I allow a man to take a sponge, or rag which is better, and si^ 
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it in a bucket of water and put it on to the rim of the wheel, not the tire. 
I do tnat to keep the rjdn. of the wheel cool ; that is continued till the tire 
gets cool enough. That is the method that we use. For a wheel that is fifty- 
six inches in diameter I give about one-twentieth to one-sixteenth of an 
inch shrinkage to the tire. 

Mr. WELiiS, Jefifersonville, Madison & Indianapolis Bailroad — ^I will state, 
Mr. President, that my practice has been in fitting tires to the wheels to 
allow from one-eighteenth to one-sixteenth of an inch shrinkage for a five 
foot wheel. If a wheel center is a new one, never has had a tire on before, 
I make a little difference for that, because that would compress a little more 
than the old wheel center. If it is soft iron from one-eighteenth to one-twen- 
tieth of an inch is what we allow for a five foot wheel. In regard to cooling 
tires I have always been in the habit of using water, and have never ex- 
perienced any difficulty. I have never had any tire break of all that I have 
ever used. In regard to the wear of a tire to a one-sixteenth of an inch, if 
that matter is investigated closely it will be found that tires on trains run on 
a level road, where the engines are loaded to their full capacity, will not 
make as many miles to a one-sixteenth of an inch wear as upon roads 
nrhere there are grades. For instance, take a road one hundred miles long 
'with the grade ascending one-half the way, and descending the other half 
of the way, now a locomotive can only be loaded to the capacity to load the 
train up the grade and no more, and when going down, when but little 
power is being used, there is none of this slipping that is going on con- 
stantly when the locomotive is pulling hard. During the fifty miles of up 
S^rade she is not wearing her tire any more than she would be running fifty 
miles on a level road, and going down the other fifty miles her tire is not 
l>eing worn except simply by the weight of the wheel resting upon it as it 
tarns over when it comes into contact with the rail. What would be the 
fair mileage for one-sixteenth of an inch wear on one road would, perhaps, 
not be regarded as equal on another road, on account of the difference in 
the circumstances. 

Mr. Miles, of Philadelphia — I have no doubt, Mr. President, but one 
great difference — and an important one — in the experience of the wear of 
tires on different roads is the condition of the track, with which the Master 
Mechanic has nothing to do except to complain about it. That may .account 
for a considerable difference, and the grade of the roads cause another dif- 
ference. I wish to ask a question of these gentlemen : Starting with a tire 
we will suppose three and a half inches thick, and running it down to an 
inch and a half thick, which makes a difference of two inches in the diam- 
eter — and some of them run it down to one and a half inches thick, making 
a still greater difference in the diameter of the wheel — it makes a great 
many more revolutions than it did where it was two and a half inches thick. 
Now I wish to ask whether the gentlemen have noticed that the wheel gave 
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more mileage as it ought to do to a one-sixteenth of an inch wear when it 
was new than it did when it was worn down thin ? I understood a remark 
Mr. Sedgley, of the Lake Shore & Michigan Southern Bailroad made, that 
the mileage was worth more to them when the wheel was made small, when 
it actually made more revolutions to the mile, and of course must wear 
more, than it was worth when it was of a greater diameter. 

Mr. Sedgley, Lake Shore & Michigan Southern Bailroad — I wish to 
state to Mr. Miles, in reference to the mileage heing worth more, we had 
less dead weight to carry. I didn't mean you to infer that we got a larger 
mileage per one-sixteenth of an inch ; but we all know that the weight we 
have below the springs is very much more injurious to the track than that 
which is above the springs, so that I always considered that the thin tire, 
so long as it is tight and answers the purpose, is much more valuable than a 
thick tire to the company. 

Mr. Miles, of Philadelphia — I am much obliged to Mr. Sedgley for hia 
information, and now that he has explained it, I wish to ask whether the ad- 
vantage of the thin tire is such as to counterbalance the advantage of the 
thick tire with regard to diameter, so that no difference is perceived in the 
mileage ? 

Mr. Jackmak, Chicago, Alton, & St. Louis Bailroad — ^I think, so far as 
that is concerned, there is so little difference — taking it as a whole — ^that it 
would be hardly perceptible. I just figured the revolutions in a wheel be- 
tween here and St. Louis with wheels sixty inches diameter, and fifty-nine 
inches, and the difference is much less than one would think. Now, with 
regard to the grade of the road. Between here and Joliet our road is what 
you might call comparatively level. From here to Joliet our engines take 
from twenty-eight to thirty cars. Then they have the Joliet grade to get np; 
and after they get up there they put on all the cars that they can find along 
the line for over ten miles of road. Then there is another part of the road 
where they let off part of them. Further on again they will take on more. 
And so our road is scheduled all over as to how many cars they shall pnli 
between such and such places, and our engines are generally loaded down to 
that extent. 

Mr. Weixb, Jeffersonville, Madison, & Indianapolis Bailroad — ^I will state 
in answer to Mr. Miles, in reference to making this calculation of mileage, 
if a tire is, for instance, two and one-half inches thick when it is put on new, 
and when it is taken off it is an inch and a quarter thick, then there is twenty- 
sixteenths of an inch in thickness gone. Now, part of that has been worn 
away and part turned away, and if the locomotive has made a mileage of 
200,000 miles when the tire is removed, then it is evident that she has 
made 10,000 miles to a one-sixteenth of an inch wear. That is the way in 
which I have counted it. It includes the part of the tire that is worn away 
and turned away. 
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Mr. Jackicah, Chicago, Alton, & St. Louis Bailroad — You take the lowest 
spot, of course ? 

lir. WsiiiiS, JefiR^rsonyille, Madison, & Indianapoliif Bailroad — ^Yes. 
Mr. Jackman, Chicago, Alton, & St. Louis Bailroad — ^That is the way 
"^^B do it. 

Mr. Mhjes, of Philadelphia — The diameter of a new wheel is sixty inches, 
X believe ; and the difference between the extreme thickness of the tire and 
die extreme thinness of it is a little over four inches, which is one-third of 
^ loot, 80 that the difference in the number of turns that the circumference of 
^lie wheel would pass over the track would be one-fifteenth of an inch, and 
^vrhen you get the four inches off*, your wheel turns one-fifteenth of an inch 
xnore than it did when you had the whole five feet. So that in running from 
liere to St. Louis you would have one-fifteenth of an inch of it in favor of the 
^ire — ^you would not have quite that, because you would be on a constantly- 
decreasing scale. But in a mileage of a tire one-sixteenth of an inch would 
oertainiy not be an insignificant amount. 

Mr. Gbant — I have taken considerable interest in this discussion. I do 
xiot think we have arrived exactly to the true point. There is a certain 
mmount of wear, and a certain amount of turning off*, and also the amount 
tHaoLt is thrown away, that is not taken into consideration, I believe — I don't 
loiow. I think that part that is thrown away ought to be taken into consid- 
eration. 

Mr. LuLUDEB, Northern Bailroad, New Hampshire — It must be particu- 
larly understood that the amount of the tire that is lost in running a certain 
namber of miles is the wear, as it seems to me, whether it is worn off* or 
turned off! It is gone, and should be considered as wear. We can not very 
well reckon the thickness of the tire that is left on when it is worn down. 
All that we make any reckoning for, is for comparison from which to make 
•tatistics. If tires were universally alike, there would be no cause for inves- 
tigation. I would say, in answer to Mr. Miles, that I suppose it is well un- 
derstood that the first wear of a tire is the best. One reason is that the tire 
is a little larger, and doesn't have to make so many revolutions ; the other is 
that the metal is harder and of better quality near the surface than it is 
toward the center. 

Mr. Hates, Illinois Central Bailroad — Mr. Lauder, in speaking, just re- 
minds me of our mode of specification in ordering tires. I find that Mr. 
Wells and Mr. Jackman both give a less wear to the one-sixteenth of an inch 
than is the average upon our road. I would state that in ordering tires we 
specify the outside of the tire that must be rolled perfectly to a gauge and 
luiiform in size, so that we donH do anything to the outside of the tire. We 
simply bore it out to the proper size, then shrink it upon the wheel. Hence 
I think that we get a much better wear by not turning the tire on the first 
wear than most roads. I believe that if that mode is followed that the re- 
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suits in the wear to the one-sixteenth of an inch woald he much greater than, 
that spoken of by Mr. Jackman or Mr. Wells. 

Mr. Jackman, Chicago, Alton, & St. Louis Railroad — If we find the tirc^^ -^^^ 
on the outside true enough we do not turn them. But I can not get tires soc^ ^sq 
that I can bore them, and then put them on wheels and have them perfectlj^^ ,^y 
true on the outside; so we turn them. 

Mr. Wells, Jeffersonville, Madison, & Indianapolis Bailroad — ^I wonlo^ >Fld 
state that the tires we put on new we sometimes find no occasion for turning -^^^ng 
them. The set-off tires that I reported here as having been worn out wer*-:^^!^ 
among the first steel tires that were made ; and the diameter of them wer -s^ «re 
different. They were not made so carefully as they are now; and, ther^^ -^re- 
fore, we were obliged to turn off those spots. 

Mr. Faries, Atchison, Topeka, & Santa Fe Bailroad— I wish to inquirsK: ^re 
if there is any difference in the wearing of tires taken into account where tbczSr he 
engine is backing probably one-half the time, switching, etc., where the tiac: ^Sre 
has to be turned off for the special benefit of the flange and not the face ^ of 
the tire. 

Mr. Wells, Jeffersonville, Madison, & Indianapolis Bailroad — Ab far ^ m 
I am concerned I never had occasion to turn off a tire on that account. 

Mr. Fabies, Atchison, Topeka, & Santa Fe Bailroad— Take, for instanc-^-a^::^ 
a road that will stretch out from 100 to 150 miles before there is a tum-ta))Kr 
provided, the consequence is that they have to back as many miles as hea( 
and the engines, built frequently in a hurry, are very often not as square 
their drivers as they should be, and there will be more or less oscillation 
one side or the other of the leading wheels, and the consequence is the flange 
are often worn, but the face of the tire is not. That pair of drivers must 
turned at the expense of the flanges, consequently all four must be reduc e * ■ *" 
alike. Now, I wish to know whether in making these returns a specialt* 
should be made for that class of wear ? 

Mr. Laudeb, Northern Bailroad, New Hampshire — It seems to me thi 
makes very little difference with regard to the wearing of the tire. My id< 
is, and my experince has been, that the oftener steel tires are turned- 
provided you just skim them — the more mileage you are enabled to get ou"^ 
of those tires. It is well known when the tire begins to get a little flat, oP 
gets running upon a flange, it wears very rapidly, and if one tire is smallejc 
than the rest it seems to grow smaller than the others ; whereas, if that tire 
is taken in, and they are all turned alike, they run some time before that soft 
place gets worn down too far again. So I think you can get more mileage 
out of them by turning them off than by allowing them to wear excessively 
before turning. 

On motion, the discussion was here closed. 

The Pbesident — ^The next subject in order is the report of the Committee 
on Standard Axles. The Secretary will read the report. 
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Report of Committee on Standard Axles. 

nh the American Railway Master Mechanic^ Aisociation : 

Gentlemen — The Committee to whom this subject was referred 
at the last Conyention of this Association, after careful investigation, 
recommend the adoption of the following dimensions as a standard 
£or the form and proportions for freight and passenger car and tender 
axles: Total length overall, 6 feet 11^ inches; journal, 3f inches 
diameter by 7 inches long ; wheel-seat, 4|- inches diameter by 8 
inches long ; diameter in center, 4 inches ; collar, 4f inches diame- 
ter by |- of an inch thick. The Committee are of the opinion, owing 
to the great diversity in the construction of locomotive engines, that 
no standard for the form and proportions could be adopted in the 
construction of the axles without first making important modifica- 
tions in the design and dimensions of other parts of locomotives. 
Snch modifications the Committee do not believe were included in 
the subject they were appointed to consider. They, therefore, rec- 
ommend that this Committee be discharged^irom further considera- 
tion of this subject. 

Respectfully, 

M. N. FORNEY, Bailroad Oaaette, ) 
COLEMAN SELLERS, PhUadelphia, [CommiUee. 
GORDON H. NOTT, Boston, J 

On motion, the report was received. 

Mr. Wells, Jefiersonville, Madison, & Indianapolis Railroad — ^The Com- 
mittee have specified a certain diameter of axle, and a certain diameter of 
journal ; but we may, some of us, dlfier in opinion in regard to whether that 
would be the best standard to adopt, and we would like to have some reasons 
given by the Committee. Perhaps they can satisfy us that that is just the 
sise it should be. 

Mr. Forney, Railroad Gazette — It will be remembered that there was a 
TOte authorizing this committee to confer with a similar committee appointed 
hy the Car Builders' Association. As Chairman of that Committee I was 
present at the Convention in Boston, and heard the discussion and took part 
in it. On a very thorough discussion and examination of the whole subject 
that Association fixed upon the standard which has been named in our re- 
port. I presumed that all the members were familliar with the reasons 
stated, but it is extremely difficult to give any exact reasons for any special 
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size. Whether the journal should be three and oneHsizth inches, or whether 
three and five-eighths, three and seven-eighths, or three and one-half inches, 
is simply a question of opinion in a great many cases — it is impossible to 
give any exact reason for it. Of course, if a standard axle is to be fixed by 
this Association, and the Car Builders have adopted one, if this Association 
adopts the same, it will be much more likely to come into use than if we 
differed ; but if there is any good reason why the Association should differ 
from the Car Builders, of course, it remains with the members here present 
to say so. 

Mr. Fellows, Lake Shore & Tuscarawas Valley Bailroad — ^I have had 
some experience with the large journal as adopted or recommended by the 
Car Builders' Association,^ and am very glad that this subject has come op, 
and it will be well if the opinion of the representatives to this Association be 
obtained and a general discussion entered upon by the members. We were 
using on the Lake Shore & Tuscarawas Valley Kailroad previous to that 
recommendation a journal three and one-fourth by five and one-half inches ; 
after that recommendation we had a hundred cars built with the large 
journals three and one- fourth by seven inches (the tracings of the box and 
the journal are all in the March number of the Car Builders' Journal), and 
those cars were put on our road in August last. The experience we have 
had is dectdedly in favor of this standard as compared with the smaller 
journal. The first glance at it, without the demonstration gained only by 
experience, would convey the idea that the larger journal would cause more 
friction and be more expensive to handle ; but the argument in favor of the 
large journal is that the better lubrication would overcome that, and cer- 
tainly our experience in brasses and oil with these large journal cars tends 
strongly to confirm that argument. We have had less trouble with hot 
boxes with these large journals than we have had with the other size that 
we were using before. 

Mr. Jeffreys, Illinois Central Bailroad — ^I would suggest that it is a 
matter of great advantage to any road to have a uniform standard of axle 
and boxes for cars so that they may be interchangeable ; and the advantages 
of this are so apparent that when the Master Car Builders of the country 
adopt a standard axle for cars, and that comes into general use, it points 
strongly toward the fact that the Master Mechanic adopt the same. If one 
road adopts a certain standard axle for its cars, and that road finds it to its 
own advantage to have the same axle to its tenders, it seems to me other 
roads would do the same thing. I think by adopting a standard tender 
axle, or a standard car axle, the uniformity should be broad enough so that 
all axles would be alike interchangeable for tenders and cars. I have known 
cases along the road where an accident has occurred in the way of breaking 
tender axles, and a flat car, a coal car, or some other car, lying along the 
road has been jacked up and a pair of wheels put on, and it has gone along; 
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and it will often happen that this can be done, provided this uniformity 
is had. 

Mr. Forney, Railroad Gazette — Since the adoption of the standard axle 
by the Car Builders' Association, I have had opportunities of getting the 
opinion of a number of gentlemen who have adopted that standard axle, 
and uniformly those gentlemen spoke in very high terms of it, so far as 
re^^rds economy and the resistance o^ the cars. Some experiments were 
made on the Boston & Albany Bailroad, an account of which I regret I 
have not with me, in which it was shown that the resistance of a car with a 
big axle was less than with the smaller axle. I have also met several gen- 
tlemen who were opposed to its adoption, thinking it was too much weight, 
that the journals were larger than necessary, and I believe in every case the 
gentlemen who have experimented with it have been convinced of the ad- 
vantages of the large axle. Mr. Gary, of the Harlem Bailroad, made some 
experiments which have been reported, in which he took brasses for three 
different-sized journals, and rode them under the same car for the same length 
of time, and in each case the smaller journal lost most in weight ; in the sec- 
ond-sized journal the brass lost a little less weight, and in the largest journal 
the brass had lost the least, showing that the wear of the brass on the large 
journal was less than it was on the smaller-sized journal. The experiments 
seemed to be very satisfactory, and I have every reason to believe it was con- 
ducted with the utmost fairness, and with the intention of arriving at the 
truth in regard to the subject. Oi^ the Beading road they have, for a great 
many years, used a journal which, my impression is, is four by eight inches. 
Mr. Merrill, do you remember the size? 

Mr. Merrill, I don't remember now, positively. 

Mr. Forney, Bailroad Gazette — My impression is four by eight inches ; 
and I do not think that they could be induced to go back to a smaller-sized 
journal, although it is that much larger than the standard adopted. I feel 
certain, in my own mind, that any member who has any doubts about the 
question, would be very soon convinced, if he put it into practical use. Prob- 
ably Mr. Stratton can tell the length of the Pennsylvania axle. It is an inch 
longer than that. 

Mr. Stratton, Pennsylvania Bailroad — The Pennsylvania road is seven 
inches long, but three and one-half inches instead of three and one-quarter 
inches. 

Mr. Wells, Jeffersonville, Madison, & Indianapolis Bailroad — I believe 
that the journals that the Beading Company use are eight inches long. They 
luiye a recess turned in the middle of the journal, perhaps two inches in 
length ; that is three-eighths or half an inch smaller in diameter than the 
other is at such a point ; and the whole bearing is eight inches in length, 
iounting its recess in the center. Now, I am perfectly satisfied about what 
kCr. Forney, says in reference to the wear of these journals, and no objection 
15 
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at all can be urged against that size, in my judgment, except the weight. The 
only question is, whether there is not more weight carried in a freight-car 
axle of that dimensions than is absolutely necessary to do the proper amount 
of work. An eighth of an inch in diameter makes a considerable difference 
in the weight of an axle, when you come up to a diameter as high as foar 
and one-half or four and three-quarter inches. I have never- investigated 
the matter closely enough to ascertain whether a smaller size — perhaps an 
eighth of an inch smaller — would not do just as well as that size that is 
adopted, and thus save dead weight and first cost. / 

Mr. Eddy, Boston & Albany Railroad — Our road have built some cars with 
this axle, and have made such alterations as have been necessary in getting 
it into use. The axle weighs a little short of 100 pounds more than the axle 
we have been using; with all the appurtenances the brasses weigh three and 
one-half pounds more, I think, each ; then there are the housings, and such 
like, so that each car will weigh about two-thirds of a ton more with that axle 
and its appurtenances than with the old kind. Now, there is the first cost 
of this. Then they undertake to tell us that the cars run easier. Mr. For- 
ney mentions some experiments that have been tried on the Boston & Al- 
bany road, but I very much doubt whether there have been any experiments 
tried there that are in any way satisfactory. We all know that on a level 
road perhaps you would not feel that quite as much, but take a road with 
grades like ours for twelve successive miles, and if you get weight to take 
over that line you have got to have something to do it with. I made a little 
estimate of it, and satisfied myself that the Boston & Albany Railroad would 
have to haul at least 200,000 tons more over their road in the course of a 
year with that axle than they would with the other kind. This question of 
a big axle is, in my estimation, a thing not to be passed over lightly ; and 
before this Convention takes any action on it I propose that we shall look 
at the thing pretty closely. 

Mr. Lilly, of Indianapolis — In conversation with the members of this 
Association, in years gone by, Mr. Towne (?) made use of the expression 
that there was a very great deal due for decrease of friction by the large 
axle in the decrease of deflection. The Reading Railway introduced a long 
journal — very much longer than the standard that has been adopted by the 
Master Car Builders — an inch or an inch and a quarter longer, I think, but 
a little smaller in diameter ; the diameter of wheel-seat is, however, about 
the same. Now, I think it is a pretty well-settled fact, that as is the amount 
of pressure upon a given number of inches upon a rolling surface, such will 
be the friction as per number of inches, and the amount of pressure on that, 
and the speed at which it runs ; but I think a very great deal is due, as I 
said in the start, to the decrease of friction by the decrease of deflection of 
that axle. Now, that axle springs under a freight car, under a heavy load, 
with the load suspended over the end of the axle, very much mqre than the 
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msjoritj of people have any idea of — as mnch as half an inch or three-quar- 
ters of an inch — that axle is constantly rising up in the middle where the axle 
has been turned down very small in the center. And I think that the in- 
creased friction for a sniall journal, or small axle, is perhaps quite as much 
due to that fact as it is to the increased size in the other case. As Mr. Eddy 
smys, with the increased weight, you have an extra expense for carrying this 
material — this increased load. I think that Master Mechanics are stagger- 
ing under the excessive size of axles that car builders are using — these lux> 
mrlous passenger cars — for instance, weighing thirty to thirty-five tons ; 
twelve to fourteen tons is what a passenger car used to weigh. Boads of 
lieavy grades feel that very much more than level roads do, of course. In 
"She discussion of this matter, which is as has been said here, of great im- 
"portance, there are a great many circumstances which 'enter into it that are 
sot to be lost sight of. 

Mr. Pkddle, St. Louis, Vandalia, & Terre Haute Railroad — I certainly 
^ink we ought, if possible, to adopt some axle that all will be satisfied with. 
Statements have been made in circulars, which have been distributed all 
through the country to Superintendents, to the effect that increasing the di- 
ameter decreases the friction. Now, that I can not understand. I am very 
aorry that I was not in when the report was read, but if Mr. Forney will ex- 
plain this difficulty he will do much to clear up this whole matter. 

Mr. Forney, Railroad Gazette — I will be glad to say all I know about it. 
1 think, however, Mr. Sellers will probably make this much more clear than 
1 can. I will only say this, that as far as I understand the subject, there are 
two important elements. One is what has been called the co-efficient fric- 
tion, and the other is the question of lubrication. If you have a small jour- 
nal yoa have a tendency to press out the oil ; if you increase it the pressure 
allows the oil to remain in, and it is much more perfectly lubricated, and, 
therefore, the motion is easier than it would otherwise be. It is quite true 
yon lose something on account of the larger diameter ; but what you gain 
from the perfect lubrication is much greater than what you lose from the 
other cause. Of course it would be possible to increase the size of the jour- 
nal so much that you would lose more by the increased size than you would 
gain by the perfection of lubrication ; but I don't think that is the case in 
the description of the axle that we have considered. I think that there are 
▼ery excellent reasons for believing that the lubrication of the journals in 
car axles is very imperfect ; and the frequency of hot journals is a very sure 
proof that it is so, because if they were perfectly lubricated that would not 
be ; the oil is partly pressed out between the brass and the journals so that 
the jonmal must heat. I believe the tendency has been to increase the size 
of the joamal, getting as much bearing surface as possible. The subject is a 
practical one, and one about which the associate members feel some hesita- 
tion in speaking or in acting. There is this fact that the active members 
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muBt remembers, and, therefore, take such action as they think befit ; that 
the Committee is made up entirely of associate members; therefore I 
hope that practical men will tear the report to pieces as much as they know 
how. 

Mr. Peddle, Terre Haute & Indianapolis Bailroad — Mr. President, inKsr^n 
our ordinary crank pins we put on a pressure of from eight hundred to one^^ ^me 
thousand pounds, and we do not have any trouble with the crank pins heat-^.f^-^^st- 
ing — no trouble about keeping them cool. I have no objection to increasin f^ '^^vng 
the length — that is, to a certain limit; if you elongate the journal too much^nC^=;h, 
of course, you throw the center of the tire too far from the shoulder, and ther»'Tx:^re 
is a liability to break that shoulder. There are, I find from what experiences:^ .nc^ 
I have had, two circumstances to be taken into consideration. We have th»^flnf ^he 
rolling friction and the sliding friction. The rolling friction is the action oc^ of 
the wheel on the track ; the sliding friction is the sliding of the journal or^i^ qq 
the box, and depends on the comparative diameter of the axle compare^^-^ed 
with the diameter of the wheel. If we have a car wheel thirty inches 9 4 in 
diameter with a three inch journal, the sliding friction is one-tenth of tbS~ zMhe 
rolling friction, as the car rolling ten miles would slide but one. If yc^ ^^on 
double that you slide that car two miles in running ten — that is, you doubczJVble 
the friction, or double the resistance from friction ; and I think if we go ^ on 
and get the journal the size of the wheel and don't lubricate it, we will find^l^zii it 
doubtful whether the wheels will not slide on the rail as easy as they slide 
the journal. I think there is a limit to all these things, and I have mi 
an estimate that this enlarging of the journal from three and one-fourth 
three and three-fourth inches will take away from the hauling power of 
locomotive something in the neighborhood of one car in twenty — from 
to two cars in twenty. I think the locomotive can haul with smaller j< 
nals that much more than it can with large ones, if the axle is lubri< 
properly. The dead weight, too, is something that should be taken L 
consideration. 

Mr. Coleman Sellers, of Philadelphia — Mr. President, this questioi 
friction in the journals is something that interests all mechanics, whel 
they are connected with railroads or not. The question of the size of 
journal is one that comes fully into play in the making of all machines, 
has received the attention of all those engineers who have had much 
with the construction of mill running and shafting. The rule that has 
found to work best in such things is not to carry the journal up towards* 
size of the wheel — I think there is a decided disadvantage in that ; bum '^ it 
seems to me that there is a certain proportion that should exist betweea ^^^ 
journal and the axle — that is, determined by the pressure of pounds 
square inch upon the journal. I think this can be very well illustrated 
little experiment that was tried a great many years in the city of Lowel X 
upright shafts — that is, running on an axle running on its end instead 0^ 
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jonmal — used to run upon a small point, say a mill of thirty or forty thou- 
sand spindles would have an upright shaft driving it which would have the 
end of its shaft three or four inches in diameter, and this run upon hardened 
steel plates that were lubricated. With this diminished surface came also di- 
minished velocity, which is of course in favor of their running with less fric- 
tion ; but the diminished surface gave very much increased pressure, and the 
friction is in proportion to pressure and totally regardless of surface. What I 
mean to say by that is, if you have, say a brick, and you lay it on its flat side, 
attach a rod to it and drag it, you will find it requires a certain amount of 
power to drag this brick over the surface that it is placed on, and from that 
amount of power taken to draw it is derived the coefficient of friction. If 
you turn that brick up on its edge and the edge is only half the surface of 
the base, the friction is precisely the same in both cases, but the pressure is 
doable in one case to what it is in the other, and the wear would be very 
much increased. Now, in reference to this question of upright shafts, which 
ia a very good illustration of the point, Mr. Mason conceived the idea, as 
upright shafts had given a deal of trouble for a great many years, that he 
would, instead of decreasing the diameter of this bearing surface, increase it 
yery considerably. He estimated the weight of the upright shaft, and after 
determining the number of pounds contained in that he divided it by fifty 
BO as to obtain the number of square inches that would be necessary in the 
end of an upright that should have only fifty pounds pressure to the square 
inch. He then made a stop of cast iron perfectly plain on the base, with a 
square hole in it into which he let the shaftings. It was then placed so it 
would revolve in a square block of cast iron having a round face on it. This 
same block was prevented from turning by the box in which it set acting as 
a wrench to hold the block from running. He then drilled holes through 
the center of the block and into the middle of it to permit the oil to pass in 
and up into it. In the other block he cut grooves into the upper surface of 
it, so it would act as a pump drawing the oil and spreading it over the snr- 
&ce. Having proceeded thus far he builds it in one of the mill streams to 
try exactly what power he had. Mr. James had the system of upright shafts 
placed in his mills some twenty-five years ago — the upright shafts with these 
cast-iron stops run upon cast-iron bearings, lubricated in this particular 
Hanner that I have described. They were run continually without any 
ntermission during a period of at least twenty years, when finally they 
letermined to throw up this upright system and rebuilt the mill. At 
liat time the stops were taken out, and I had an opportunity of exam- 
uing them. During the twenty years* service of those stops they hadn't 
vorn the tool marks ofi* them. In other words, they Had floated on a 
rolume of oil which separated them entirely, and this reduced the fric- 
.ion to the friction due to the cohesion of the lubricant, and nob of the 
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axle. It 18 exactly so in car axles ; if joa increase it to the extra sise, 
70U get it into a condition where this lubricant will, perhaps, act as a serious 
retardant ; but if you increase it to such a point that the coefficient friction 
of the lubricant will not act as a retardant to reduce the pressure, you will,^ -^-V) 
owing to the diminished friction of the thing, run easier on a big axle than^rv«A,n 
you will on a small one which is constantly cutting itself or abrading itselft- ^^\{ 
away. There is this difference. If you reduce the axle to an exceed inglj^^X^ly 
small size a single trip would wear that axle by the friction of one surfac^si^^Ace 
with the other; but if you Increase it slightly in size, up to the point wher^-rx^re 
the wear is at a minimum, then you will probably have the very best results^ 
This I know to be the case in regard to mill shafts; as, for instance, an exam- 
ple that I have stated before — one that occurs in our own place, where thi 
plate on the main shaft transmitting sixty-horse power runs upon a four ano>; 
one-half inch journal that is twenty inches long. That journal has been rui 
for twenty odd years, and last time it was examined, but a short period agc^' 
the cast-iron box was polished only on one-third of its lower half of the bo: 
showing that it had never worn into the box at all, and that is was never mt 
to fit it perfectly ; it was a loose fit and it only brightened that much of tha-X'.^Athe 
surface, showing to us conclusively that the friction was diminished to thrf .^^ the 
friction of the lubricant and not of the big journal. I think this is a yecHi^^^eiy 
important subject ; it is one in regard to which the associate members irLm. ^^pviJl 
feel some hesitation in advocating their views. It seems to me the aoquainciH: -5ot- 
ance of some of them with the question of friction in other cases than ct^z^ car 
axles Is one that would warrant their opinion to some consideration. 

Mr. Fellows, Lake Shore & Tuscarawas Valley Kailroad — I would say 
regard to this large axle, from my experience I was as loth to go into it 
any one could possibly be, for the very reason advocated here, that increasi: 
the size must increase the friction. I could not see it in any other ligl 
but after the statements in the Master Car Builders' Convention, and the s 
guments that were brought out there, and the recommendation they made 
adopt the larger axle, we did adopt it, as I said before; to this time we hf 
found less consumption of oils on these freight cars, a less frequency of z. 
newals of brasses, and our engines haul just as many cars over the heavi 
grades that we have, as they did before. When we first began to run thi 
our engineers thought that these cars were going to be an extra trouble, 
the conductors put off two cars from the trains. My attention was called 

that fact to ascertain what was the matter with the engines, and in looki 

up the matter I found that that was the cause. I told the engineers I did 
want to hear any more of that at all ; and from that day to this they hi 
hauled their maximum over the road all the time, and they will do it w^ 
a majority of these large axle cars in the train — perhaps the train woxm 
never be entirely composed of them — and they go over the grade as fast 
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ihej did with the other cars, from the fact that the experience of our car 
men all the time has been that they give them less trouble with hot boxes 
and oil is less frequently used. I am forced to the conclusion that there is 
more in that large journal than has been given credit for by the mi^'ority of 
people. Mr. Sellers' ideas in regard to it are simply what I have found by 
experience. 

Mr. Towiins, Northern Pacific Bailroad — I will state that the St. Joe CSom- 
pany have been using on their locomotive trucks, journals five inches in di- 
ameter by nine inches long. Seven years ago one of these trucks was put under 
by engine there, which was about the first one that was put under— I think 
about seven years ago. In overhauling that engine and truck we found the 
journals not only perfectly strait and smooth and in perfect order, but the 
same diameter that they were when they were put under the engine with 
the exception of, perhaps, about three thirty-seconds of an inch wear. I 
made a statement to this Convention about two years ago in reference to 
these axles, and as near as I could ascertain at that time a great many of 
them had run one, two, and three years without any perceptible wear, per- 
haps from a sixty-fourth to a thirty-second of an inch in one year's time. 
Now I have always been inclined in favor of large journals since our ex- 
periments with those; and I am still in favor of large journals, and can see 
no objection whatever to them under any circumstances ; on the contrary I 
see very much in their favor, more particularly since I moved from the 
St. Joe and took charge of another road, and have seen the difference be- 
tween the running of the locomotive trucks under engines moving on the 
Northern Pacific, and those that they had on the St. Joe. Those of the 
Northern Pacific are of an ordinary size; the size that they use under 
nearly all the engines, perhaps, in the country, four and one-half by seven 
inches ; a very fair journal, considered so at least, and I must say we have 
had a great deal of trouble with those journals. I have noticed it partic- 
nJarly, because we didn't have any trouble on the Hannibal & St. Joe Bail- 
itMui with those large ones. We hardly run a trip without having a hot 
b|*a88 on the (rucks on the Northern Pacific, whereas on the Hannibal & 
H. Joe I sent an engine out there new on one of these trucks, and she run 
ighteen months with the first boxes ; the boxes of course, must be very large 
ti order to accommodate themselves to that size journal ; and I say again 
bat we have no trouble with them — we don't know such a thing as a hot 
rasa. So far as friction is concerned, of course we never can try that with- 
at a dynamometer; but in shoving the trucks around the yard I have cer- 
Bkinly noticed, where I have had occasion to shove them myself, two men 
rill move them about the yard very easily, and they move quite as easily as 
racks with smaller journals. There is but one way of determining the 
riction, and that is by a process spoken of by Mr. Sellers, on the dynamom- 
%M method. So that I have no statistics in that direction. But another 
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word in reference to the use of these trucks, and that is the fact that every 
engineer on the Hannibal & St. Joe, with the exception of two or three, are 
now acquainted with the trucks, and the Company have been compelled to 
put them under the trucks for the reason that the engineers and engine men 
generally insist upon having them ; they could not get along with the old 
truck, they must have the new, and since they got the new truck we had 
no more trouble. The truck is certainly built somewhat differently from 
other trucks, but so far as the style of truck is concerned I have nothing to 
say, as the journal is the same in either case. 

Mr. CuMMiNGS, Pittsburg, Ft. Wayne & Chicago Railroadr-I would like 
to ask Mr. Towne how much weight he carried on those journals on that 
truck he speaks of? 

Mr. Towne, Northern Pacific Bail road — Those engines are thirty-three 
ton engines, probably carrying from eleven and one-half down to nine tons. 
I desire to state in connection with this matter that on the Hannibal & St. 
Joe Railroad the journals of car axles were three and (me-fourth by six 
inches, those under the cars of the Northern Pacific are three and one-half 
by seven inches ; and I could not but notice a very marked difference in the 
running of the cars on the Northern Pacific than those on the Hannibal & 
St. Joe. We very seldom have a hot box up there, and the journals seem 
to wear very much better and smoother with less friction, for the reason 
that they don't wear so rapidly. They wear out very rapidly on the Han- 
nibal & St. Joe Railroad ; and I consider a three and one-fourth by six 
inches journal entirely too small for a car carrying ten tons weight ; three 
and one-half inches is very much better, and I am decidedly in favor of a 
still larger one, although that is a very good standard. 

Mr. CuMMiNGS, Pittsburg, Ft. Wayne & Chicago Railroad — Mr. President, 
it seems to me that it is a very hard matter to decide on a uniform size and 
length of journal, unless we have some uniform weight of cars and engines. 
It seems to me that there must be some right proportion ; but I can not see 
or understand why we should have as large an axle to carry two tons weight 
on as we should three. A journal that is of sufficient diameter to carry 
three tons would, it seems to me, be too large to carry two, as there would 
certainly be some loss in carrying that weight. As there are so many dif- 
ferent kinds of cars, different weights of cars and engines, I do not see how 
it would be practicable to adopt the same journal on all roads. 

Mr. Fellows, Lake Shore & Tuscarawas Valley Railroad — The argument 
is made that with the increase of journal more dead weight has to be hauled 
by the locomotive. That is very true in one sense ; but if, as has been re- 
marked, there is a better lubrication of the journal on account of the in- 
creased size it seems to me that the difficulty in the hauling by the locomo- 
tive is overcome. Another argument is that the extra weight involves extra 
expense in the building of those cars. That is very true, and can not be got 
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over. Bat the tendency in loading freight cars is to overload them rather 

than otherwise; and if the load is set at ten tons per car it is a very 

oommon thing to put on twelve if they can. Now, those cars that we 

liave on odr road, if they want to put on sixteen tons they can do it ; they 

will carry it ; and I do not suppose that we haul any cars that are loaded 

less than twelve, and more often they will go fourteen than twelve or eleven, 

and very few times will they be loaded as low as ten. The tendency on 

mineral roads particularly is to get all the weight upon a car you can ; it is 

best to do it; so it seems to me that the better lubrication accomplished 

with the larger journal will overcome this difficulty of increased dead 

weight, to a great extent at any rate ; and then with the increased strength 

there is the less tendency of breaking down from the breaking of the 

joarnal. 

Mr. Peddle, Terre Haute & Indianapolis Railroad — If these gentlemen 
are right we have to destroy some of our text books ; they all teach us dif- 
ferent science entirely to what we have been taught here. This shows the 
advantage of having a laboratory to prove these things by actual experi- 
ments and tests. 

Mr. Jackman, Chicago, Alton & St. Louis Railroad — ^There is one thing 
connected with these large axles that I wish to speak of. A good many 
years ago I saw fit to increase the size of axles under tenders, and I increased 
those at that time — that is, when I was in Ohio — to considerably larger than 
what was in general use. I did it, not to prevent heating, but to get absolute 
strength in the axles to prevent breaking. That is what I was most afraid 
of at that time; but then it is a well-known fact if you make an axle large 
you increase its weight, and that the wheels run upon the rail without any 
advantage of the springs. Therefore the more weight you carry the more 
you pound your track ; yet I think that the size of the axle and the size of 
the journal should be in a great measure governed by the absolute strength 
that you want. It is safety from breaking instead of heating. For instance, 
in speaking of locomotive trucks, within two years past I increased the 
length of the bearings to some locomotive truck axles, they were seven and 
one-fourth inches and I increased them to eight and one-fourth inches, leav- 
ing the diameter the same — say four and one-half to four and three-fourth 
inches. Now, I don't think that I got any benefit, so far as the heating was 
concerned, by that increase of one inch in length. The experience I have 
so far as that is concerned, was over those that were seven and one-fourth 
inches in length being equal in diameter with the others. I continued to 
adopt that plan of eight and one-half inch journals, or what I call eight and 
a quarter inch, so that all trucks that I should build from that time forward 
would have that eight inch journal. Now, so far as this standard axle is 
concerned, I don't know that it is very much too large, provided the weight 
of cars is to be continued. If cars are to be made hereafter as heavy as they 



are at present, and as they are making them, I think that the size of the " 

axle adopted by the Master Car Builders' Association is about right ; and if 
we are intending to adopt anything as a standard there are certainly rea- 
sons why we should adopt the standard they have adopted, because it 
might sometimes be handy to put a car axle under a tender, or a tender axle 
under a car, and in that case they would be interchangeable if made of the 
same size. The journal that is adopted is none too long nor too large. With 
regard to fitting the wheel we have it forged as near the size we want to use 
it as possible, so as not to waste any material. I have known several acci- 
dents to happen if care is not used. Every succeeding wheel that you put 
on the axle should be trimmed a little in order to make the wheel fit. I 
have never in my practice, no matter what the size of the axles were, been 
able to run over eighteen months or two years without wearing some oflf the 
journal. If the journals wear out the axles wear out to r certain extent. My 
experience is that you can't run a locomotive without wearing the journals 
that are in service on that engine. 

Mr. Hudson, Eogers Locomotive Works — Mr. President, this subject of -3 

the weight carried is very important, and with regard to the proportion ^ 

recommended for the existing weight I don't think that the journal is at all ^ 

too large. If I were going to recommend any change I would say make it ^ 

longer. Some years ago we built some locomotives for the Erie Railway, ^- 

and upon the trucks of these locomotives we made the journals ten inches 
long, whereas their ordinary journals were seven to seven and one-half 
inches ; the diameter remaining the same of course. The consequence was 
that those journals gave no trouble. The brasses run two or three times as 
long as they did with the short journals, and I am told that they have given 
entire satisfaction, so much so that I believe they are introducing long jour- — -?• 
nals in place of the shorter ones to a very great extent. With regard to ^:»>^ 
tender axles, also where we have had to carry heavy weights, we have made ^^ e 
journals as long as seven and one-half inches, and in one or two cases eight ^f'^mzii 
inches in length and of about the same diameter as recommended. I do not -^ ^ZDt 
•ay that I think it would be well to increase the length much beyond that ^^.i^sit 
without increasing the diameter, because of the safety; other than that I am m - m mt k 
not in favor of increasing the diameter, except so far as safety from breakage^^3;e 
is concerned. 

Mr. J. S. Funk, Northern Central Bailroad — There is one other remark I M I 
would make, and that is the weight of the axles does not entail increasedJE^-^d 
friction on the journal ; that the mere weight of the axle does not make any%^ -*y 
more friction on the journal unless the diameter of the journal is increased^ -^3; 
that the friction depends upon the load above the journal and not upon thc^» -Mne 
weight in the axle, because I apprehend that while there is a rolling resist — ^P' -st- 
ance to this weight it is very much less than that caused by the weighr ^^nft t 
which it carries. 
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Mr. FoRKETy Kailroad Oazette — I want to say, in regard to the diameter 
of the jourpals, that I concur with Mr. Peddle in regard to the question that 
the increase of the diameter is of itself an evil ; but the difiSculty is that you 
can not increase the bearing surface without increasing the diameter. When 
700 had an axle that was, say an inch and a quarter in diameter, and which 
gave as much bearing surface as the one of Mr. Peddle, undoubtedly that 
woald run with less friction than the one of three-quarters of an inch, but the 
trouble is you can not run a journal an inch and a quarter because it will break. 
Jfk regard to what Mr. Jackman said, that the increased length did not cause 
diminished friction, is entirely due to the fact that the diameter was not in- 
creased in proportion to the length, and consequently the axle would spring, 
and the bearing would not be equal. If you want a bearing surface on a car 
journal you are obliged to increase the diameter in order to get the requisite 
strength. If you could get a bearing surface on a journal three and a quar- 
ter inches in diameter, and have a sufficient strength of axle, undoubtedly it 
would be an advantage ; but in order to get the length of seven inches, it was 
thought that no smaller diameter than three and three'<][uarter inches would 
be sufficient. 

Mr. Peddle, St. Louis, Yandalia, & Terre Haute Bailroad — I suppose 
the argument is that the larger the journal the less the friction is. I don't 
make that clear in my mind. I know, in the old time, when we had our 
grindstones, they used to say it helped to have friction wheels under the jour- 
nal ; and the pidnciple of that is the reducing the size of the journal, and in- 
creasing the ease with which the stone is turned. 

Mr, Hudson, Rogers Locomotive Works— I will state, in reference to some 
of the cars built expressly for carrying locomotives, where the journals are 
four and one-quarter inches in diameter by nine and one- half inches long, 
if we could make them longer without increasing the diameter we should be 
willing to do it. 

Mr. Sellers, of Philadelphia — In reference to what has been said with 
regard to the using of friction rollers, there the question is not of diameter 
or size in a great degree. The bearing is taken upon four rollers instead of 
two ; but it is the diminished velocity of those journals that decreases the 
friction. They run so much slower. The larger the carrying wheels are in 
proportion to their journals the better strength given to them; the better sup- 
port enables the friction to be diminished. There is a gentleman near me 
who spoke about the size of the different axles suited to different work ; that 
if it were possible to arrange the axle to suit the particular work that it has 
to do there is no question but what it would be advantageous to have large 
axles and small ones on the same road. But the question seems to me to be 
the adaptability of one axle to do various kinds of work, as the general load 
attached to cars and to tenders does not vary very materially, and that the 
standard axle that shall be used should answer the various purposes for which 
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axles are required woald be an advantage and facilitate their manufac- 
ture. 

Mr. Wells, Jeffersonville, Madison, & Indianapolis Bailroad — I presume 
that so far as the size of the journal is concerned, and the length of time it 
will wear without materially changing its shape, the size adopted by the 
Master Car Builders, perhaps, is better than a smaller size. But the question, 
it seems to me, would be whether the increased expense in putting axles of 
that size under cars, whether the advantages will compensate for that in- 
creased expense. Now, we can't make a journal three and three-quarters 
of an inch in diameter without making an axle about four and seven-eighths 
of an inch in diameter in the wheel ; and it seems to me that in a very large 
majority of cases four and seven-eighths of an inch axle is larger than is nec- 
essary to carry the loads upon the cars. We know that cars are run one- 
third of the time, perhaps, on an average, empty ; and, perhaps, a good por- 
tion of the other time not loaded to their full capacity ; and the question arises, 
wouldn't it be better to have an axle of smaller size ; for instance, four and 
one-half inches in diameter in the wheel — wouldn't that be better in the ma- 
jority of cases, if not in all cases, than the large axle ? I will admit that the 
three and three-quarter inch journal, perhaps, would give better satisfaction 
than the three and one-half inch journal ; but yet the disadvantages arising 
from the heavy axle — the increased cost, the increased dead weight — will not 
they be a sufficient offset to the advantages derived from it ? 

Mr. Forney, Kailroad Gazette — The one consideration ihat has to be 
taken into account, was what my old employer used to say when I was an 
apprentice. He used to s^y to his boys : " If you make a thing too strong 
nobody will ever find it out ; but if you make it too weak you will soon hear 
about it." Now, absolute safety is the thing to be taken into account here. 
I have no doubt, in many cases, a lighter axle will do very well; but to meet 
all the various circumstances it was thought it was necessary to adopt an 
axle as large as was adopted in order, to be perfectly secure under all cir- 
cumstances. 

Mr. Elliott, Ohio & Mississippi Kailroad — In my judgment you gain as 
much by increasing the size of the axle to the full size as you do by increas- 
ing the journal. In my judgment I have suffered more from my axles being 
made too light, as Mr. Lilly said in his remarks, and as illustrated by Mr. 
Jackman in his remarks, he gained nothing by increasing his length, because 
he didn't increase the diameter. Mr. Towne, in his remarks, gained every- 
thing by increasing the diameter ; but, at the same time, he increased the 
size and reduced the spring of his axles ; and there is where I think a great 
deal of our trouble has come — not so much from the size of the journal as 
from the spring having more weight put on it than it would carry. This, I 
think, is a very important point to be considered. Now, I believe, if we had 
an axle made the same size as the standard axle, turned down to three and 
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one-half inches, we would get ahout the same results we get from three and 
three-quarter inches ; but I prefer the three and three-quarter inches, leav- 
ing the iron and have it worn down to the size rather than turn it off. I 
like the size that has been adopted, and think it will do very well for the 
purpose. 

Mr. FoENEY, Bailroad Gazette — I would like to suggest that it seems to be 
necessarj to take some action in regard to this matter. I believe there was 
no motion made in regard 'to adopting this standard, and I think some ac- 
tion should be taken in regard to it. 

Mr. Jeffrey, Illinois Central Bailroad — I would suggest before any ac- 
tion can be taken adopting the standard, it will be well to find out what 
would be the proper pressure per square inch on the journal bearings. Mr. 
Sellers has given us certain facts with regard to the wearing of an upright 
shaft having a pressure of fifty pounds per square inch of bearing. Experi- 
ments might be made with different-sized shafts or axles ; and I have no 
doubt the matter could be investigated by a committee giving the results of 
difierent weights per square inch of the bearings ; and I think that would 
be the proper course to pursue to ascertain definitely as to how much area 
will be best for a given weight of bearing before action is taken. I was fig- 
Uring over roughly about the weight per square inch of bearings on axles in 
Use on the Illinois Central road, and I found that on the four and a half inch 
oamal — and that is the standard all over the road — the weight per square 
iich of journal bearing would be 148 pounds, provided you had a bearing 
kqual to one-half the diameter of the axle. The probabilities are the bear- 
ii£f would not exceed one-third the diameter of the axle, which would ma- 
eriall/ affect the point. With a half-inch driving-wheel it would be 138 
feoands to the square inch generally ; that is, provided you had a bearing 
sqaal to one-half the diameter. That again would be modified, of course, 
yy the bearing being only one-third ; and on loaded freight cars carrying 
ihirty tons it would be 160 pounds, with the same proviso as I have before men- 
.ioned. On a sleeping car, taking the weight at twenty-seven tons, a twelve- 
^heel car, and the thirty passengers at three tons, we have in round num- 
3er8 thirty tons, and the weight per square inch of journal bearing with the 
:hree and three-quarter inch axle, which is the standard, would be about 160 
pounds. That again would be modified by the proviso I have mentioned. 
Add, say one-third, to each of these calculations, will make in the neighbor- 
hood 200 pounds for a four and a half engine truck axle, and in the neigh- 
borhood of 180 pounds for a six and one-half inch driving axle, and in the 
neighborhood of 220 pounds each for a freight and sleeping car per square 
inch of the journal bearing. 

Mr. Sellers, of Philadelphia — In reference to the question of friction, 
and the sizes of parts adapted to support the friction, mechanical engineers 
have to take into consideration two questions, one of velocity and the other 
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of presBure; and it is necessary to consider it in both relations before they 
can decide upon the size. The facts that are in possession of the profession 
already are such, that, knowing the velocity, and knowing the pressure, it is 
perfectly possible to so arrange the sizes of the parts that the friction shall 
be reduced to the minimum while the wear will be the maximum ; but the 
amount of pressure the bearings will sustain under different work varies all 
the way from fifty pounds up to 7,000 pounds per square inch. "When you 
are screwing up a nut with a three-quarter ihch bolt with a twelve-inch 
wrench, at the time- you fail to screw that up any more, you have obtained a 
pressure of 7,000 pounds on a square inch. I have tried that by actual ex- 
periment. That shows that it is possible, in some instances, to run an iron 
at a pressure of 7,000 pounds a square inch, but you must run it very slowly. 
It is a question of velocity as well as pressure. On modern engines the ques- 
tion is. one that is continually interfering with success. The pressure on 
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crank pinn is so great that in many of the engines they have to have a sys- 
tem of cooling down by water to preserve them from cutting, and their com- 
mon pressure is about 800 pounds to a square inch ; and still thej do pretty 
good work with it. But I think that if we could adapt the axles to the par- 
ticular work they have to do, and make each one properly suited to that, it 
would be a great deal more economical in practice than having one particu- 
lar axle to do all kinds of work. But now the question is whether one 
standard axle could be advantageously employed on these different kinds of 
work. 

Mr. TowNE, Northern Pacific Railroad — I heartily concur with what Mr. 
Jeffrey said in reference to the journals. I do not believe in adopting anything 
without evidence, and we certainly have no evidence that the size named is 
the best journal for cars ; no more than you have evidence that four and a 
half by seven inches is the best size for locomotive trucks. Now, sir, I be- 
lieve that the subject rests upon experiments, and without experiments we 
don't know what we are doing. I would not vote for the adoption of that 
axle, or that sized journal, without testing by experiments, and thus ascer- 
taining what we want for that amount of weight. 

Mr. Elliot, Ohio & Mississippi Bailroad — I have heard a good deal 
of discussion as to what I said when I got up before. I believe sir, 
that very much more depends on the size of the axle inside of the wheel 
than it does upon the journal. I concur with Mr. Peddle that the 
journals of crank pins does not heat, because they are held firmly and 
solidly by the wheel. There is no spring there; there is no tumb- 
ling about; but where you have an axle that is very slight in the cen- 
ter pounding up and down all the time, the journal tipping about, 
it creates a very great deal more friction than it would if that axle were 
stiff and held firm and rigid. I concur with Mr. Forney again when he says 
that if we had the strength without increasing the diameter, we would arrive 
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at this point, because, as you increase the diameter you increase the speed) 
and with the speed the friction must be increased. But if you can overcome 
that by lubricants between the two — if the surface is large enough so they 
would not be pressing together, you overcome that excess of friction. I 
concur again with my friend from the Northern Pacific Bailroad, that this 
is a subject for experiments, and I think if these experiments were carried 
on to ascertain at what point you made the axle stiff enough, so that there is 
no springing, you would find that you would require a very greatly increased 
journal. 

Mr. JoHANK, late of Canada Southern Railroad— I don't think we are 
prepared to vote on axles this session. If we did vote I don't think it would 
amount to anything. About two years ago I was connected with a new road 
just started, and I prided myself that I had a chance then to get something 
that would be uniform; and I wrote to the most prominent of our railroads, 
inquiring about the wheels they were using, and what they thought were the 
best to use. I got about as many answers as questions asked, of the differ- 
ent roads, and each differed in opinion. I made these inquiries for the pur- 
pose of getting a uniform axle. I was pretty well satisfied in my own mind 
Sflto what I would like to have, but still, I would have preferred to adopt 
that axle which would be generally or universally adopted. During my 
Correspondence the Committee of the Master Car Builders published their 
opinion of what they were going to report for adoption at their next session, 
ftnd X concluded that it was just about what I wanted, and would probably 
he adopted by the road I was connected with. And it was so adopted. That 
'iae was three and one-half by seven inches. At their meetings they over- 
fa^auled the whole question, and adopted three and three-fourths by seven 
inches. That left me outside again. I concluded then I would go ahead on 
own experience, and let the others do the best they could. I think we 
.Te wasting very valuable time in the discussion. I move that tlie subject 
referred to the old Committee for consideration during the coming year. 
AC r. Hudson, Kogers Locomotive Works — I second the motion, and at the 
Same time would suggest that the question of the dust be not forgotten, as it 
i.iB a very important question in the heating of car journals. 

Carried. 

Tbs Pbbsident — The next business in order will be the report of the 
CSommittee on " Continuous Train Breaks.'' 

Mr. Chapman, Cleveland & Pittsburg Railroad — I move that when we 
sa.djourn it be to meet this evening and to hold an evening session, and re- 
the President to fix an hour. 

The President— I would suggest eight o'clock. 

A J X.J 
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Mr. Hayes, IlliDois Central — I move a committee be appointed to select 
a place for the next meeting, and report to the Convention this evening. 

Motion carried. 

The President — I will appoint on that Committee Mr. Beuben Wells, 
of the Jefferson vi lie, Madison, & Indianapolis Railroad ; Mr. Garfield, of 
the Providence, Hartford, <& Fishkill Bailroad ; and Mr. Bobinson, of the 
Great Western Bailroad of Canada. 

The Secretary then read the report of the Committee on Oils for Locomo- 
tive Use. 

Beport of the Committee on Oils. 

To the American Railway Master Mechanics^ Association : 

Gentlemen — Your Committee, appointed to examine into and 
report on the subject of the " Best Lubricant for Cylinders and Other 
Machinery," beg leave to submit the following : 

Your Committee prepared and issued, through the Secretary, three 
hundred circulars, containing the following questions : 

1. What is the best lubricant you have used on valve seats and 
cylinders of locomotives? Please state your preference and your 
reasons therefor? 

2. Have you ever used any mineral oils, or mixture of plumbago^ 
that you can recommend as superior to tallow or extra No. 1 lard oil 

3. In your opinion does the use of hard or soft water materially"""^ 
affect the value of tallow or oil as a lubricant, and if so, why ? 

4. What kind of oil do you prefer for general use on locomotive^e 

bearings? If a mixture, how is it prepared, what are the ingre 

dients, and what is the average number of miles run per pint oiz=^ 
quart ? 

5. What method do you regard the best for oiling valves, the self — 
feeder, or the old plan of oiling with a can at regular intervals ? 

6. The Committee will be glad of any other information you may 
impart on the subject of oils for rolling stock, and especially journal 
bearings of cars. 

Not so large a number of answers have been received as might 
have been expected from the importance of the subject; but your 
Committee feel less disposed to find fault with the number than the 
character of information contained in most of the answers received* 
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Committees are not snddenly invested with a superior knowledge on 
account of being appointed to investigate a subject, as the mono- 
syllable answers to questions by some members would seem to indi- 
cate, but they must depend on the information received through 
their circulars for material on which to base a report, and ^6s and no 
Aimish but little. 

The majority of replies in answer to the first question of your 
Committee favor the using of the best extra lard oil for lubricating 
cylinders, and give as a reason that it contains less acid, and is less 
liable to waste away the iron than tallow or tallow oil. Prominent 
among these may be mentioned Mr. Boone, of the Pittsburg, Fort 
Wayne & Chicago Railroad. He says : " I consider the best lubri- 
cant for cylinders and valve seats to be the best No. 1 lard oil that 
can be obtained. I have never had any trouble from iron wasting 
away from the use of lard oil, but I have with tallow. There is 
some kind of a chemical action takes place when tallow and steam 
come in contact, whereby an acid is formed that will destroy cast- 
iron, making it so soft that it can be cut with a knife. When using 
tallow I have frequently had steam chests and cylinder faces ruined 
from this cause, and have never taken up a steam chest or cylinder 
head that new joints had not to be made ; but with lard oil these 
joints last for years. Have not had to plane off a steam chest or 
cylinder-head joint for five years." 

The above statement, coming as it does from one of the leading 
roads of the country and supported as it is by a majority of Master 
Mechanics, is a strong incentive to your Committee to recommend 
the use of extra No. 1 lard oil, to the exclusion of everything else, 
for a cylinder lubricant but while, as has been stated, a majority 
favor its use, your Committee do not feel like ignoring the opinions 
of the minority, whose experience is at variance with that of Mr. 
Boone and others, and who positively assert that both lard oil and 
tallow waste away and destroy the iron of steam chests and cylinders 
badly, and that sperm oil is the proper lubricant, but would suggest 
to such members the possibility of the quality of the iron having 
something to do with the action of the oil, and vice versa. In either 
case the truth is worth finding out. The difference between facing 
joints every time they are broken, and only once in five years, is too 
16 
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great to be lost sight of by mere meDtion in a report, and your Com- 
mittee hope to hear the matter fully discussed in open convention. 

To the second question of your Committee there seems to be but 
one opinion. Notwithstanding, a number report having tried min- 
eral oils, all are unanimous in condemning them for use in cylinders 
of locomotives. A number of Master Mechanics report good results 
from a moderate use of plumbago on new valve faces and cylin- 
ders, it having a tendency to make a smooth, polished surface, and 
thus secures the easy working of the valves. 

To the third question, ^^ Does the use of hard or soft water mater- 
ially affect the value of tallow or oil as a lubricant, and if so, how? " 
opinions are about equally divided. There is, however, a very 
notable difference in the answers of those who deny any bad effect 
from the use of hard water, and those who are of the opposite 
opinion. With only one or two exceptions the answers of the for- 
mer are " No," without giving any reasons, while the latter class are 
disposed to back their opinions by argument. 

Mr. Hayes, of the Illinois Central Railroad, maintains that where 
hard water is used the oily matter will not last so long in cylinders 
and on valve seats. Owing to the alkali contained in the water the 
oil is practically converted intQ soap, which the heat soon destroys. 

Mr. Boone thinks hard water destroys the value of tallow as a 
lubricant, and assists the injurious chemical action heretofore re- 
ferred to in its use, but does not think it will injuriously affect 
lard oil. 

Mr. Sedgley, of the Lake Shore Eailroad, finds that a much larger 
quantity of oil or tallow is required for lubrication of valves and 
cylinders where hard water is used. 

To the fourth question, as to the kind of oil preferred for general 
use on locomotives, a majority report in favor of lard oil and paraf- 
ine. Five are using West Virginia oil with good success, although 
preferring sperm or lard oil. The average number of miles run to 
a pint of oil is twenty-eight. 

As to the best plan of oiling cylinders, a majority favor pipes 
leading to the cab as being the safest for employees, and the most 
reliable method in use. Four prefer the self-feeder, and five the old 
plan of oiling from the cab. 



243 

Hr. Hayes, of the Illinois Central Eailroad, remarks of the self- 
:^der8 : " These would, undoubtedly, be the best if w^ could get an 
mtomatic man to work it, but as we can not get such a machine, I 
think the next best thing is to oil from the cab." 

Thus your Committee has given you the substance of the evidence 
they have had before them bearing on the subject of lubricants for 
cylinders and other machinery of locomotives, and it now remains 
ibr the Committee to weigh the evidence and present their conclu- 
sions for your consideration. 

Your Committee would therefore respectfully recommend the use 
of extra No. 1, or the best grade of lard oil as a lubricant for cyl- 
inders, believing that their own experience, and that of a majority of 
Master Mechanics, fully warrant them in saying it is better than tal- 
low, and &r superior to any mixture or combination of mineral oil 
gotten up for that purpose. 

In the opinion of your Committee there has been no evidence pre- 
sented to show that the use of hard water has any injurious efifect 
on the value of lard or tallow oil as a lubricant, other than the fact 
that with hard water a greater quantity of oil is required. Of this 
there is no doubt. The alkali dries up the oil and is, thus far det- 
rimental. 

The theory that an injurious chemical combination is formed that 
destroys the iron, your Committee believe to have sufficient merit to 
demand a careiul investigation. 

For general use on locomotive machinery, your Committee would 
i^eoommend No. 1 lard oil. 

The best method of oiling valves is, in the opinion of your Com- 
'K^ittee, to have pipes running to the cab, and supplied with suit- 
^lle cocks to blow through with steam. This plan relieves the 
Q^reman from any danger in oiling ; is reliable, and can be so ar- 
^«nged as to accurately measure the oil, and thus reduce the quan- 
"t^ity used to the smallest possible amount that will accomplish the 
purpose. 

For journal bearings of cars, your Committee recommend for 

^CVreight, pure Virginia oil, of not less than twenty-eight degrees 

^prayity, and for passenger car service No. 2 lard oil, as giving very 

^ood results ; and we would further recommend that great care be 



taken to make oil boxes tight, having a close-fitting cap in front, and 
good leathers back, as being necessary to exclude the dust. 
All of which is respectfully submitted. 

The report was accepted. 

Mr. Hayes, Illinois Central Bailroad — I move that we now adjourn. 
The motion was carried, and the Convention adjourned to meet at the 
Sherman House at eight P. M. 



EVENING SESSION. 

Shebmak House, Thubsday, May 14, 8 p. m. 

The Convention met pursuant to adjournment, President Britton in the 
Chair. 

The President — Gentlemen, when we adjourned to-day, we had just fin- 
ished the reading of a report on Oils for Locomotives. The subject of that 
report is now open for discussion. If there is nothing to be said on that we ^^e 
will proceed with the business next in order, which is the report on Contina- — .mx' 
ous Train Brakes. 

Mr. Wells, Jefiersonville, Madison, & Indianapolis Bailroad, the ^^.cie 
Chairman of the Committee on Continuous Train Brakes read the following 'Sf^ Mug 
report : 

Beport of Committee on Continuoiui Train Brakes. 

To the American BailtDay Master MechanM Association-: 

Gentlemen — Your Committee on "Continuous Train Brakes,*' *^«^> 
appointed at your last annual meeting, issued a circular for the pur- "^ 
pose of eliciting information on this subject. The interrogatories set'^ 
forth therein were as follows : 

1. In your opinion, what are the requirements in a power brak^.^^ -k< 
to produce the best results and necessary to accomplish the end de ^» -Be- 
sired in the most perfect manner? 

2. Are you using a continuous br^ke on the equipment on youKP" ^nr 
road? If so, what kind, and by what name is it known? 
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3. Is it efficient and reliable under all ordinary cironmstanees ; 
and in its action and result-s is it all that is to be desired ? Do yon 
know of instances where^ in your opinion, the use of this brake had 
been the means of saving life and preyenting serions destruction of 
property? If so, please relate the circumstances. 

4. Will the brake you describe remain set on all the cars afler 
being applied, even if the train should become severed by accident? 

5. Do you consider the feature referred to in the fourth question 
a matter of vital importance, as a means of preventing — at least in 
many cases — serious results in the destruction and injury that so 
frequently attend accidents of this character ? 

6. Do you know of any brake that will apply automatically in case 
the train should become severed, or any part of it thrown from the 
track ? If so, please give a description of the device. 

7. Do you consider a brake having the above automatic attributes 
of sufficient value and importance to warrant its general adoption? 

8. Have you in use, or knowledge of, a power brake applied to 
the driving wheels of locomotives? If so, give a description of the 
same, and your opinion as to its merits, with your reasons therefor, 
for or against such application of braking power. 

9. In your experience is the brake, when*thus applied to the 
driving wheels, found to be destructive or injurious to the several 
parts of the locomotive affected thereby? 

10. If found to be injurious,^what proportion does such extra wear 
and the cost of repairs bear to the benefits derived therefrom ? 

11. If the application of brakes to the driving wheels of locomo- 
tives hauling passenger trains is desirable, would the results, in your 
opinion, be equally beneficial if applied to those hauling freight and 
other trains, and those doing switching service ? 

12. In your opinion can a road be as safely and economically 
operated, all things considered, by the use of hand brakes, or a sim- 
ilar braking power, as by the use of a good system of continuous 
brakes ; and will not the advantages derived from their use more 
than compensate for their original cost and maintenance in good and 
perfect condition thereafter ? 

To the above circular we received replies from twenty different 
. Master Mechanics and Superintendents of Motive Power on the Rail- 
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roads of the United States and Canada. Of this nnmber three use 
only the hand brake on their passenger equipment, one uses in addi- 
tion to that the Creamer Brake, fourteen are using the Westinghouse 
Air Brake, and two the Smith Vacuum Brake. 

The replies, with two or three exceptions, give but little additional 
information to that furnished by the report of the Committee on this 
subject made to you at your last annual session. 

There is but little difference of opinion, as to the requirements of 
a train brake, in the minds of well-informed persons having experi- 
ence in the management of trains running at high speed. The re- 
quirements are, namely : 

1. Certainty of instant application to all or as many of the wheels 
of the train as practicable. 

2. The retarding power should be capable of being graduated at 
the will of the person applying it, under all ordinary circumstances. 

3. When applied, from any cause, it should so remain until the 
train is brought to a stop, unless persons in charge of it desire other- 
wise, in which case it should be capable of instant, partial, or total 
release. 

4. The brake power should be under the control of the engineer 
of the train. It shcOild apply itself automatically in case of derail- 
ment of any part of the train, or in case the train should part acci- 
dentally, and should be capable of application from any car in the 
train. 

The above being the main points in the requirement of a theo- 
retically perfect brake, the question for consideration is, how near 
are these requirements fulfilled 'by the best continuous train brakes 
yet brought to public notice? 

G^he system of running trains in this country, the character of the 
country through which they run, and the causes so frequently oc- 
curring, requiring quick stops to be made at unlooked-for times and 
places to avert danger, imperatively demands the adoption on all 
trains conveying passengers, running at high speed, some good sys- 
tem of continuous train brake, embracing in the main these features 
A long list of the diflferent kinds of continuous brakes, which have 
been tried on the different roads in this country during the past 
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'iiwbntj years oonld be given, but as the greater number have been aban- 
doned, reference to them is unnecessary. At the present time two 
classes only seem to give promise of fulfilling the requirements of a 
brake approaching perfection, namely, the one using compressed air as 
a means of applying the brakes ; the other, a vacuum. Of the former 
class, that known as the Westinghouse Air Brake is the only one 
that has so far come into general use. The Gardiner & Hansom 
Brake, in some respects a duplicate of the Westinghouse, has been 
tried on several roads, but it has not, as yet, met with general favor. 
The Loughridge Air Brake, in some respects also similar to the 
Westinghouse, is now being applied to the passenger equipment of 
the Baltimore & Ohio Railroad and the lines under its control, and 
up to the present time about forty-five locomotives and one hundred 
and fifty cars have been equipped with this style of brake. 

The Westinghouse Air Brake, up to the present time, has been 

applied to 2,232 locomotives, and about 6,900 passenger, baggage, 

aad express cars, on 141 different railroads (not* counting branches) 

in the United States and Canada; on 66 locomotives and 448 cars 

on sixteen different railroads in England, Scotland, Wales, Belgium, 

and in South America, Cuba, and Mexico. 

Of the roads that reported to your Committee, two have adopted 
tlie Smith Vacuum Brake, viz : the Central Railroad Company of 
^ew Jersey, and the Hartford, Providence & Fishkill Railroad, and 
t;1ie Old Colony Railroad, of Massachusetts, have it on one engine 
^tnd four cars, but use the Westinghouse Brake on the balance of 
^lieir passenger equipment. 

The Vacuum Brake has been introduced on a number of other 
X'ailroads, principally in the Eastern States, but which have made no 
deports to your Committee of its operation. 

For reasons before stated we propose to consider some of the 
joints of difference in those brakes using compressed air as a motive 
^ower, and the vacuum brake. Under the head of Compressed Air 
brakes are included : 

1. Those in which the power for compressing and storing air acts 
independently of the movement of the locomotive ; and, 

2. Those in which the air pump is operated from an eccentric, or 
80me other reciprocating part of the locomotive, so that the opera- 
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tioD of the air pump is governed eotirely by the movement of the 
locomotive. 

The present Loughridge Air Brake belongs to this latter class. 
The advantages of a brake having the attributes of independent 
motion, and capable of action independent of the movement of the 
locomotive, other things being equal, are too obvious to need expla- 
nation. Yet, in point of simplicity, so far as the driving power to 
the air pump is concerned, the advantages are on the side of the air rx^ Jr 

pump that is operated from some reciprocating part of the locomo- ^. 

tive. But little, on the whole, can be claimed on the score of econ- _|. 

omy by this method of compressing air over that of an independent ^:^ ^^^ 
air pump, for the reason that when running, and the pressure of air tx: .r 
in the reservoir is at the maximum point, the pump is constantly 
delivering air into the reservoir, against that pressure, in nearly the 
same quantity at each revolution of the wheels of the locomotive, 
after the desired pressure in the reservoir is obtained, as before; an 
power is thus expended in pumping more air than is needed, durin 
the time run in which no air is used in applying the brake ; and a: 
automatic compensating arrangement of the pump, so as to pum 
air only when the pressure falls below the maximum point, woul 
complicate the machinery perhaps to the extent of an independen 
pump, in which event nothing would be gained in that particular^ *^ik~ r, 
even, and to close the passage between the pump and reservoir, an£^ .dd 
allow the air from the pump to escape by means of a three-wa^ q^ >^ay 
cock, would require more attention from the engineer than coul^^f -1^ 
at all times be given. So far as the air pump itself is concerned. JE> fid, 
with its valves, pipes, and connections, nearly the same parta are re- ^>"T«e- 
quired when driven by the locomotive as when by a separate steamier .J^ain 
cylinder. 

The above objections may, however, be considered of but little X^ •^*'^ 
consequence, yet there are others to the arrangement of compressing^ -CJ ^^ 
air by a pump driven from some reciprocating part of the locomo- 0-^=*^^ 
tive, and dependent on the movement of the locomotive for action: m:*^ <=> ^' 
which seem to your Committee of a more serious character, and too* *^ 
which we direct attention. Where long runs are made, and stops not'O'^^^^^ 
likely to be frequent, after the train is started, and the requisite-* ^ '^^ 
pressure of air in the reservoir is attained, but little, if any, diffi- 




249 

tilty would be experienced in keeping up the requisite pressure of 
ir in the reservoir necessary to make all the usual or ordinary stops, 
'et circumstances are likely to arise when a sufficiency of air could 
ot at all times be supplied by this method. Trains on railroads 
entering in the larger cities, passing in and out through the yards, 
nd oyer the numerous switches, and over the crossings of other 
^ads in and about such cities, and not unfrequently over draw- 
ridges, find it necessary to apply the brakes as many as a dozen 
mes within the distance of one or two miles, and at such times 
ad under such circumstiGinces that render the quick and certain 
stion of the brakes of vital importance. In practice it has been 
>iind impracticable to entirely prevent all leakage of the joints of 
le pipes, connections, and other parts subject to the pressure of the 
Lr, and this, added to the air required in making numerous stops 
itliin a short distance run, would in many cases, especially with a 
»og train of cars, reduce the air pressure in the reservoir to such 
DL extent as to render the brake inefficient, except perhaps when the 
Lr pump and the reservoir were disproportionally large. 

A.aother objection urged to this manner of driving the air pump 
\ tlie fact that while the stop is being made, and the consequent 
dduction of air pressure in the reservoir occurs, the speed of the 
)ConLOtive decreases, and as a consequence there is a corresponding 
eorease in the quantity of compressed air delivered in the reser- 
oir, and as the train comes to a stop, the air pump stops also, and 
bus the decrease in the supply of air to the reservoir takes place 
ast at the time when it is important that it should be kept up. 

In this mode of compressing air it will in many cases be found 
leoessary to run the locomotive a short distance previous to starting 
rith the train, for the purpose of pumping up air, if it is desired to 
laye a supply in the reservoir at the time of starting, unless the 
'eBervoir is filled from a stationary one at some convenient place? 
previously charged for that purpose, which would add to the cost of 
irorking the brake. 

It is probable that more or less difficulty would be experienced 
In keeping up the air pressure in the reservoir when standing still, 
for any considerable length of time, as when waiting at meeting sta- 
iions for other trains,* or when from any cause a stop is made re- 
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quiring more time than that allowed in making the ordinary stop at 
way stations. These are some of the objections that occur to us 
will be urged against this method of compressing the air required to 
operate the brakes. 

As a compensation for the disadvantages that might arise from 
the method adopted by Mr. Loughridge for compressing air, he uses 
proportionally a larger reservoir, and the air in it at a higher pres- 
sure, than those using an independent air pump, and in connection 
with the reservoir a graduating valve, by means of which the engi- 
neer can regulate the pressure of air admitted to the brake cylinders 
of the train at will. This valve being automatic in its action, ad- 
mitting to the brake cylinders the pressure to which the valve is ^ 
adjusted, and no more, and maintaining the pressure at that point as^ 
long as that in the reservoir does not fall below that at which the^ 
valve is set. 

Where a pump is used that is independent in its movements, re — 
gardless of the movement or speed of the locomotive, a supply o 
air can always be kept in the reservoir for all emergencies that ma; 
arise, regardless of the number of stops made, or applications of the 
brake within a given time, or distance run by the train. 

Another advantage of an independent air pump is that the speecL 
of the pump can be suited to the quantity of compressed air re- 
quired, and that when the maximum pressure is attained in the air 
reservoir, the movement of the pump will be slow — sufficient to keep 
up the required pressure and no more — and when the pressure in the 
reservoir is reduced, from an application of the brakes or otherwise, 
the movement of the pump becomes more rapid, and as a conse- 
quence quickly restores the original pressure in the reservoir, thus 
supplying the braking power as it may be needed and for every 
emergency. 

In the above we have only brought to your notice the difference 
in the two methods of compressing the air furnishing the brake 
power, viz., that depending on the movement of the locomotive, and 
that acting independently, and in our opinion the latter method has 
advantages over the former that outweigh the objections urged 
against it on account of the additional, and, to some extent, compli- 
cated steam power requisite to work the air pump. 
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As stated before, on account of the various continuous brakes 
that have been tried and abandoned as worthless up to the present 
time, leaving only two systems now in use on any considerable 
amount of rolling stock, we propose only to call attention to the 
difference between the system where compressed air, previously 
stored, is used to furnish the braking power, and that where a 
vacuum is made use of as a means to accomplish this object. 

It is but just to ourselves to state that in our efforts to obtain val- 
uable and reliable data in regard to the mechanical arrangement 
and working of the vacuum brake, we have to a very great extent 
failed. 

The principle upon which this brake is operated is doubtless well 
understood by a large proportion of persons familiar with train 
brakes, yet we think it proper to give some general description of 
this plan, as there may be persons interested in this subject who are 
not familiar with the principle and working of the vacuum brake. 

From the ejector, situated at some convenient point on the loco- 
motive, a tube of suitable size extends under the tender and under 
each car in the train, the ends of the tubes between the cars, and be- 
tween them and the tender, are connected by hose with suitable 
couplings so as to permit the free motion of the several parts of the 
train without breaking the connection, forming one continuous tube 
from the ejector to the rear end of the train. To this tube, at some 
convenient point under each car and tender, is attached a cylinder 
with a movable piston, or a cylinder made of a series of elastic dia- 
phragms, say twenty inches in diameter, and when extended about 
two feet long, having rigid heads, one of which is connected with the 
tube passing under the car by a flexible pipe or hose, making a con- 
nection between the tube and inside of said cylinder. This cylinder 
is 80 constructed that it is capable of moving in but one direction, 
the ends or heads approaching each other, thus shortening it by pro- 
ducing a vacuum within it. To these heads or to the movable pis- 
ton, when an iron cylinder is used, is attached the connections by 
which the brake is brought to act upon the wheels. 

The ejector attached to the end of the tube at the locomotive is, 
in principle, the same as that used and commonly known as an m- 
jector. Suitable pipes and valves connect this ejector with the 
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locomotive boiler. To apply this brake it is only necessary to ad- 
mit the steam from the boiler to the ejector, which, flowing through 
the annular opening of the nozzle outward into the open air, dragz or 
'pulh the air from the tube extending under the train, by the friction 
of the steam upon the air surrounding and inside of the annular jet, 
as it passes the smallest part of the opening in its rapid passage out- 
ward, and thus producing a partial vacuum in the tube extending 
the length of the train, and consequently producing in each of the 
brake cylinders a vacuum to the same degree as iu the tube, thus 
causing the heads of the cylinders referred to to approach each other, 
in efifect to shorten the cylinders, and by this means apply the brakes 
to the wheels by the connections referred to above. Suitable cocks 
and valves are arranged in the tube at the ejector for preventing the 
return of the air into the tube, or for admitting the air, in order to 
graduate the force with which the brake is applied, or for releasing 
it, which always takes place when the air is allowed to flow back into 
the tube and cylinders. The force or power exerted in applying this 
brake, depends upon the extent of the vacuum produced in the tube 
and brake cylinders of the train, other things being equal. It is 
found in practice that a vacuum of from eight to nine pounds per 
square inch is all that can be depended upon in the practical work- 
ing of the brake, therefore the diameter and length of the cylinders 
must be proportioned to suit the maximum power intended to be ex- 
erted in applying it to the wheels. In point of simplicity in the 
number of parts this brake has the advantage, in that particular, 
over all others now in use. 

In regard to the working of the vacuum brake, Mr. T. W. Peeples^ 
Mechanical Engineer of the Central Kailroad of New Jersey, upon 
road which this brake has been adbpted, in answer to our circular 
states : " It is efficient and more reliable than any brake I know of; the 
results are very satisfactory, indeed. I have heard of several instances 
whereby accidents have been prevented by the prompt use of the 
brake, but I have no data or record of the circumstances.'' 

Mr. E. Garfield, Master Mechanic of the Hartford, Providence k 
Fishkill Railroad, in his reply, states that in their experience with 
the vacuum brake on that road, they have found it to be efficient and 
reliable under all ordinary circumstances ; and, further, in reply to 
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qnestion third : " I have no record, nor do I remember of any case 
where this brake would have prevented accident that other good 
brakes in order, and properly used, would not have prevented. The 
parties referred to above make no statement, nor do they give an 
opinion as to the comparative merits of the two systems of continu- 
ous train brakes/* 

Mr. J. K. Taylor, Master Mechanic of the Old Colony Railroad, 
states in his reply, that on his road about twenty-five locomotives 
and one hundred and twenty cars are equipped with the Westing- 
house Compressed Air Brake, and one locomotive and four cars with 
the Smith Vacuum Brake, and that on one occasion a passenger train 
equipped with the Westinghouse Brake was stopped within forty 
ftet of a crossing over which another passenger train was passing at 
the time, and that the stop was made in a distance run of five hun- 
dred feet, from a speed of twenty-five miles per hour ; and adds : ^'I 
do not think it could have been done with the vacuum brake; " but 
gives no reason for such opinion. Yet the inference is that it was 
formed from his observation of the workings of the two systems. 

If the train referred to above could not have been stopped within 
a distance of five hundred feet, from a speed of twenty-five miles per 
lioar, by the vacuum brake, the question would naturally arise, why 
this difference ? 

With the vacuum brake the flow of air is outward from the tube 

And brake cylinders, and as the air flows out-, less of it in a given time 

Oomes in contact with the jet of steam flowing out through the ejector, 

^a the vacuum in the tube becomes nearer perfect, so that more time 

^ft required to increase the vacuum from eight to nine pounds, than 

'om seven to eight pounds, and more time from six to seven pounds 

Ln was required to increase the vacuum from five to six; pounds per 

^<]iiare inch. In other words, each additional pound of a vacuum per 

^C|iiaTe inch requires a longer time to produce it t'han was required to 

^Yoduoe the one preceding it. 

The value of a brake depends, to a very great extent, upon its ca- 
X^Cibility of instant application. For instance, if it required eight sec- 
onds of time to produce the requisite pressure on the shoes to the 
^^rl&eels in one system of a continuous brake, and but four seconds to 
3.ooomplbh the same in another system, the latter would be vastly 



more valuable than the former ; time being, in sucb cases, a matter 
of vital importance. In practice it is found that not more than about 
sixteen seconds is required to bring a train to a stop on a level track, 
from a speed of thirty miles per hour, and even less time is requisite 
under favorable conditions of the rails. Now, it can readily bo seen 
how important it is that the maximum force required upon the brake 
shoes should be attained in the shortest space of time possible afler 
the brake is applied ; and if, by the system of compressed air previ- 
ously stored, this end can be accomplished, then this system is, to 
that extent, the best. Your Committee addressed a letter of inquiry 
to the President of the Vacuum Air Brake Company, requesting 
some data in regard to the working of that brake, but failed to ob- 
tain any from that source, consequently such information as we have 
was obtained from other sources, and the opinions of those using it. 
The opinion, so far as we can get it of such parties, is, that this brake 
is slow in its action compared with that of compressed air previously 
stored. 

In the vacuum brake the power must be generated after the brake 
is applied, while in the compressed air brake the power or force is 
previously stored, and to apply it is, in effect, the same as to relieve a 
spring of the force holding it in tension ; while, in the vacuum brake, 
the power as it is generated for use is, in principle, the same as a 
spring taken at rest without load, and then bringing it to the tension 
requisite to give the brake the power required. 

The vacuum produced in practice being but about eight or nine 
pounds per square inch, consequently the brake cylinders must be of 
great area to give the required power, and the volume of air to be re- 
moved from them on an application of the brakes is correspondingly 
large. 

With air previoasly compressed at a pressur,e of, say sixty pounds, 
and used in the brake cylinders at forty-five pounds, the volume of 
air at that pressure required to furnish the braking power is compar- 
atively small. 

To create a vacuum of seven and one-half pounds per inch in the 
collapsable cylinders and the connecting pipes of the train, requires 
the expulsion of one-half the air that fills them when the brake is 
off or at rest, and the volume of air expelled is, in round numbers, 
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three times as great as the volume of air compressed to forty- five 
pounds per inch, or three atmospheres and one cubic foot of air com- 
presBod to forty-five pounds flowing into the pipes and brake cylin- 
ders, does the work of three cubic feet of air flowing out of the cylin- 
ders and pipes of a vacuum brake. As quickness of action in a brake 
is of vital importance, it is then a matter of interest to know in which 
system the force will be transmitted the quickest through the pipes 
from end to end of the train, whether by one cubic footof air compressed 
to forty-five pounds flowing into the pipes and cylinders of the train, 
or by three cubic feet at the atmospheric pressure flowing out of the 
pipes and cylinders in producing the vacuum, distance remaining the 
same in both cases. 

Your Committee have been unable to get correct data as to the 

difference in time in the transmission of power by these two systems, 

other than that given by those forming an opinion from their own 

observation of the working of the two systems of brakes, and their 

testimony is that compressed air acts quickest in the transmission of 

power in the proportions given above. 

The ingoing force of compressed air is a fixed and positive force, 

oapable of being instantly applied, and can be graduated to any 

force desired on the brake shoes of the train, between nothing and 

t;lie maximum, due to the pressure of air in the reservoir. Of the 

laystem of brakes operated by compressed air, that known as the 

^Westinghouse Air Brake has so far met with favor from the greatest 

camber of railroad managers; in fact, with the exception of the 

ILoughridge Air Brake, and the Gardiner & Ransom, it is the only 

^ne in general use, and at the present time it is in use on about 

£ftj-seveQ per cent, of the miles of railroad in operation in the 

TTnited States and Canada. 

The Westinghouse Brake is not considered perfect as yet, although 
it has been in general use for the past five or six years, the chief 
defect complained of being the valve motion to the steam cylinder 
and the length of time required to release the brake after coming 
to a stop, especially with a long train of cars. The latter is, doubt- 
less, due somewhat to a want of a better system of springs for effect- 
ing the release than is used on the cars complained of, and the former 
to a want of better proportions and arrangement of the valve motion, 
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and intelligent attention on the part of the persons having charge 
of the brake. The want of a better or more reliable valve motion 
to the air pump has been the most serious objection urged against 
this brake, as reported to jc^ur Committee. Improvements have been 
made in the valve motion within the past two years, yet owing to its 
delicate proportions objections are urged, and a desire expressed for 
a more reliable valve arrangement than that heretofore used. 

The distinguishing features of this brake are : the independent: 
pump for compressing air, the automatic valves in the couplings, 
between the cars, and the automatic '^ take-up" arrangement foi 
taking up the lost motion, or '' slack/' in the levers and rods undei 
the cars, keeping the brake shoes close to the wheels, and thus pre- 
venting loss of air in allowing a greater motion of piston in th< 
cylinder than necessary, and the "triangular lever,*' by which 
change of leverage is made to- compensate for a decrease in the 
pressure of air incident to an application of the brakes and uni — ^ — 
formity in all the various parts of the brake. One important feati 
claimed is the automatic valve in the couplings between the carSj 
which, in case the train should be severed, close the ends of th( 
couplings so that the brake on the cars next the locomotive can 
operated as well as before without any attention whatever, and ii 
case the train should become severed after the brake is applied th( 
brake will remain set on the detached part of the train. An instan< 
of this kind occurred on the Louisville, Nashville & Great Southei 
Railroad, December 9, 1873, to a passenger train approaching 
trestle, at a speed of twenty miles per hour, upon which an obstruc- 
tion had been placed. The facts were furnished by Mr. Thomi 
Walsh, Master Mechanic of Memphis Branch, and are as follows 
It being dark, the obstruction was not perceived until the locomotive 
was within sixty yards, when the brake was applied. The looomo- 
tiye, tender, baggage car, and second class car were thrown dowi 
into the creek, a distance of twenty-five feet, taking the trestl< 
down with them, but the remaining three cars, all full of passengerSi 
came to a stop^ and with the brakes tightly set remained standing 
the main track. The forward pair of trucks alone were pulled oi 
the track by the previous car as it went down before the coupling pin^ 
broke. We believe that this automatic arrangement by which their 
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pipes or hose are closed, in case the train is severed, either in ten - 
tioDallj or otherwise, is not found in any of the other brakes referred 
to. With the Loughridge, Gardiner & Ransom, and Smith Vacuum 
Brakes, in case the train is severed while the brake is on, it is re- 
leased from all the cars in the train, and can not be applied to any 
part of it until the hose, where parted, is in some way closed again. 
Next to the Westinghouse Brake, the vacuum brake has, per- 
haps, come into use, so far as road and rolling stock is concerned. 
This system of brake, like all the others, has its defects. One is, 
that to a certain extent it lacks the positivcy certain unvariable ele- 
ment of the compressed air brake, as the quickness of action and 
effectiveness depends upon the steam pressure in the boiler, and its 
power is liable to the same fluctuations. • Mr. Loughridge in his 
answer to the American Railway Master Mechanics' Association 
Circular on the subject of brakes, in alluding to the vacuum brake, 
says in reference to the ejector : " The laws governing it are singu- 
lar. The vacuum varies very much when the steam pressure in the 
boiler varies, and the nozzle is very uncertain in its action, some- 
thing like the * injector.' The force changes with the collapse of 
the sack or diaphragm, and the liability of the rubber to rot, or be 
cut by boys or discharged employees, and freeze in the winter, are 
objections." Of this brake Mr. Loughridge further states : "I can- 
vassed this mode of applying the force, fully, up to 1870, and after 
a full and careful review of it, I preferred paying twenty thousand 
dollars for my patents of 1864 to enable me to use compressed air 
and produce better effects." 

So far as the facts have yet been demonstrated, and from our ex- 
perience and observation, and the opinions of others elicited in the 
foregoing investigation, your Committee are of the opinion that 
tinder all ordinary circumstances, and the conditions likely to arise 
in the use of a continuous train brake, compresi>ed air supplied to 
a reservoir by an independent pump, and thus storing the power 
for applying the brakes whenever needed will give the best results, 
all things considered. The Westinghouse Air Brake seems to be, in 
the opinion of a majority of Master Mechanics, on the whole, nearer 
perfect than any other that has yet been brought into general use. 
The above allusions to the Westinghouse Brake refer to the brake 
17 
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as heretofore used. As the Westinghouso Improved Automatic Brake 
is being introduced on some of the leading railroad lines in this country 
and in Europe, and as there may be persons interested in this subject 
who are not familiar with its peculiarities, we consider a description 
of its distinguishing features wherein it differs from other brakes 
necessary. The air pump and main reservoir are situated on the 
locomotive, and are the same as used for the common Westinghouse 
Brake ; the pipes and hose of the train and the brake cylinders are 
also the same ; but under each car, near the brake cylinder and con- 
nected with it by a pipe, is an auxiliary reservoir from which the 
brake cylinder receives the air when the brake is applied. In the 
pipe between the auxiliary reservoir and the brake cylinder is an 
automatic triple valve, with an elastic diaphragm so- adjusted and 
arranged that when the air fills the pipes of the train it flows into 
the auxiliary cylinder through a small opening, filling it at the 
same pressure as that in the main reservoir and pipes of the train ; 
but no air is admitted to the brake cylinders while the air pressure 
in the pipes of the train is greater or remains as great as that in the 
auxiliary reservoirs. To apply the brake it is only necessary to 
turn the three-way cock on the locomotive, cutting o£f the air 
from the main reservoir and allowing that in the pipes and 
hose of the train to escape, when the pressure of air from the 
auxiliary reservoir, acting upon the elastic diaphragm of the triple 
valve, lifts a valve admitting the air from the auxiliary reservoir on the 
car to the brake cylinder, and thus applying the brake ; while to 
release the brake the air is again allowed to fill the hose and pipes o: 
the train, which, acting upon the opposite side of the diaphragm the 
movement of the triple valve is reversed, cutting off communication 
between the brake cylinder and the auxiliary reservoir, and at the 
same time opening a relief or exhaust valve which allows the air in 
the brake cylinder to be exhausted direct into the open air, releasing 
the brake on the instant. 

To graduate this brake so as to admit only a part of the full reser 
voir pressure to the brake cylinders, only a part of the air is allowe 
to escape from the pipes and hose of the train, the operation of th 
triple valve being such that the pressure admitted to the brake cylin 
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ders corresponds with the difference between the air pressure in the 
hose and pipes of the train and that in the auxiliary reservoirs. 

At some convenient point in the air pipe of each car is situated a 
valve of comparatively large area, so constructed that if raised from 
its seat it will so remain until all the air from the pipes and hose of 
tilie train has escaped. Attached to this valve, and extending down 
t:o within a few inches of the rails, is a trip rod, which, in case the 
43 ar leaves the rails, or passes over an obstruction, this rod comes in 
csontact with the track, ground, or any obstruption, the valve is raised 
^^om its seat, and the air from the pipes and hose of the train es- 
csapes, and the brakes of the whole train are applied on the instant, 
^ven while communication between the main reservoir and the pipes 
<3f the train exists through the three-way cock on the locomotive ; 
tiie brake thus applying itself automatically. 

For further and more accurate descriptions of the different parts of 
t^his brake, and for the results of a series of experiments made with 
s, train equipped with it on the Pennsylvania Railroad, we refer to 
%he April number of the Journal of the Franklin Institute for 1874. 
The question arises whether the automatic brake referred to, with 
its delicate and somewhat complicated valve arrangement, will, on 
account of its merits, supersede the old Westinghouse Brake or sim- 
ilar air brakes. Will the advantages, in point of safety and reliabil- 
ity over the style of brakes referred to, be such as to warrant its 
adoption generally, and the cost of its maintenance in perfect work- 
ing order ? 

Simplicity in the mechanical arrangements, as well as reliability 
and durability in a train brake is particularly desirable. The old 
or present Westinghouse Brake pertaining to the train is compara- 
tively simple, and is, perhaps, as reliable as any that can be made 
with our present knowledge on this subject. Then the inquiry is 
made, in what particular is the automatic brake better or more relia- 
ble than the old brake ? It will be remembered that the air pump 
and reservoir of both are the same, the only difference being in that 
part of it between the reservoir on the locomotive and the rear end 
of the train — a difference in the manner of applying its force. 

In the old brake no air pressure in the pipes and hose occurs while 
the brake is off, such pressure only takes place while the brake is on 
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while in the improved or automatic brake the compressed air fills the 
pipes, hose, and auxiliary reservoirs under the oars, at the same pres- 
sure as in the main reservoir on the locomotive while the hraJefe is off — 
the reverse of that which occurs in the old brake — and the automatic 
brake is applied by means of leaving the air out of the hose and pipes, 
the brake cylinders receiving the air stored in the auxiliary reser- 
voirs on the cars, necessary for applying the requisite force to the 
wheels, and such force is graduated as desired by the relative dififer- 
ence in the pressure of air in the pipes of the train and that in the 
auxiliary reservoirs. To apply the brake with its full force all the 
air is allowed to escape from the pipes ; if only a part of the force is «^ Jt 
required, only a part of the air is allowed to escape, reducing the ^^ ^^ 
pressure in the pipe to that requisite to bring the desired force on ,m::^ ^q 
the brake shoes. 

The old brake being applied and graduated by admitting the full M Xli 
or part of the pressure, while the automatic is applied by the reverse ^^ ^q 

taking place, so far as the pipes and hose are concerned. The auto ^. 

matic brake has the disadvantage of a constant pressure inside of alV ^MHJ 
the pipes and hose the entire length of the train at all times, excepts <ot 
when the brake is on, thus rendering it more difficult to prevent leak- :^k- 
age of the joints of the pipes and hose. Another objection urged if 
that it is liable to be applied by accident or designedly, when it shoul< 
not be done, and which might be detrimental in its results. Th« 
bursting of a hose in any part of the train would apply the braker 
with their full force, and they could not be released until such hos* 
was removed and another one substituted and the air pressure re' 
stored again from the main reservoir, or except a cock was openei 
leaving the air out of each auxiliary cylinder in the train. These ar» 
some of the objections that may be urged against the automatic brak< 
aside from the additional care and attention requisite to keep ih^MzMliB 
triple valve arrangement and other parts, not found in the old brak^ j^fece, 
in thorough and perfect working order. 

The advantages of the automatic brake are, that in case the trai ^ ^^ 
is parted it applys itself on the instant to each car composing it 




that attached to the locomotive as well as the detached part. Air —an- 
other is, that should a car leave the rails from any cause, the tr^ -"rri^ 
rods coming in contact with the ground or obstruction, the brake - is 
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a.pplied at once with its full force to the entire train. Another, and 
perhaps the most important advantage, is its quickness of action. 
Xixperiments have demonstrated that from one to two seconds only — 
depending \ipon the length of train — is required in applying it to 
tihe wheels with its maximum force. The force required being stored 
in the auxiliary reservoirs, close to the brake cylinders, and when 
t^be automatic valves open the brake is applied with the full 
^orce due to the pressure of air in the reservoirs. Quickness of ac- 
tion gives to this brake its chief value, and if it supersedes the old 
one, or other brakes, it will be largely due to that fact. Comparing 
tihe old brake with the improved automatic, it is probable that on a 
large majority of the passenger trains run on the roads in this coun- 
"try, the Westinghouse Brake as now in general use, will give, on the 
'whole, better satisfaction than the improved automatic brake, on ac- 
count of its simplicity, compared with the other. But there are fast 
trains run on many of the leading roads where, in our opinion, the 
automatic brake would be the means of insuring greater safety in 
certain cases : 

1. In case a quick stop were necessary to avoid accident. 

2. In case a car or any part of the train should be thrown from 
the track, or run over obstructions on the track. 

3. Should the train part by accident the brake would instantly 
apply and bring both parts to a stop, avoiding danger from the rear 
portion colliding with that attached to the locomotive. 

In such cases the automatic brake has the advantage, and in these 
respects is superior to the old brake. 

But little information was elicited on the subject of driving-wheel 
brakes; comparatively few of them have been used up to the present 
time. With but one or two exceptions, those who have had ex- 
perience with such brakes speak favorably of them. Brakes upon 
the driving wheels of passenger locomotives would, doubtless, give 
good results, and the time may not be far distant when such brakes 
will be applied to all locomotives hauling fast trains, for the reason 
that a retarding force equal to the propeling power of the locomo- 
tive can be utilized in that manner to bring the train to a stop, and 
there is no reason why a retarding force applied to the tires of the 
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driving wheels, should be more injurious in its effects on a locomo- 
tive than an equal propeling force applied to them from the Cylin- 
ders, and we think that it will be less. 

It will be shown in practice, we think, that good brakes applied 
to the driving wheels of the locomotive will very materially add to , 

the efficiency of a train brake in making quick stops, being in effect ^j 

the same as reversing the steam but without the injurious effect on ^ 

the machinery of the locomotive that results from reversing while ^ 

running. A train equipped with good brakes applied to all the ^ 

wheels, except perhaps the engine truck wheels, can be brought to 
a stop in the shortest possible distance run, after the brake is 
applied, because to each wheel of the train is applied a retarding 
force about equal to that of the adhesion of the wheels on the rails, 
and when that point is reached nothing more in the way of a re- 
tarding force can be obtained from the use of a brake applied to 
the wheels. In making the ordinary stops of a train the driving 
wheel brake will be found to be advantageous, at least so far as a 
proper distribution of the retarding force applied to the train is oon-- 
cerned, as it gives to each wheel in contact with the rails its propor- 
tion of the retarding power necessary to bring the train to a stop. 
If a train equipped with a brake to the driving wheels, in additioDEZ^n 
to the train brake, at a speed of thirty miles per hour, is brought Ucz^'^m 
a stop in a distance run of six hundred feet, it is evident that th^i»- -^e 
train can not be brought to a stop within that distance when th^^ ^e 
driving wheel brake is not used, all other conditions being equal, Ic^ -^ 
other words, if no retarding work is done by the driving wheels ^^ s, 
more must he done hy the other wheels of the train in a given Hm^ ,.^me 
to effect the same result. 

Brakes to the driving wheels of locomotives drawing freight trains m^s 
have not heretofore been used to any considerable extent, and wher^*^^*® 
their use involves the cost and maintenance of an independent ok: <^^t 
other style of air pump, it is not probable such brakes will be gen- 
erally used, unless the brake can be applied to a part or all of tha 
train also. There may be exceptional cases, however, where th^ ^ 
advantages derived from the use of the brake on the driving wheel^^s- * 
and tender only will compensate for the cost of the same, but fur - 
ther experience and investigation will be necessary before a correc '^ 
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oonolusioD can be arrived at on this point. Under all ordinary cir- 

oumstances the hand brakes on freight trains are sufficient in de- 

cending grades and for ordinary stops; and in order to avoid acci- 

clent the locomotive can be reversed, and in that way exert a force 

equivalent to a brake on the drivers. Brakes ap6n the driving 

^wheels of locomotives used for switching purposes are in use on 

some of the roads in the United States, and, so far as reported, give 

^ood results. It is not probable that the benefits to be derived 

■would compensate for the cost of such brakes in a majority of cases, 

yet there may be others where the advantages will warrant the cost. 

The switching service is so varied that no rule could be suggested 

that would in the main be correct. 

In some instances steam brakes have been applied to driving 
wheels 6f switching engines, aud it is claimed with satisfactory 
results. The use of steam for applying the brake power direct to 
the wheels is not likely to meet with favor, however, on account of 
the constantly varying pressure on the pistons of the brake cylin- 
ders. The maximum pressure per inch is that of the boiler pressure, 
and varies with it; and it is found to be very difficult to graduate 
the pressure in the brake cylinders, from the fact that as soon as 
communication with the boiler is closed condensation in the cylin- 
ders rapidly reduces the pressure, and the moment it is again 
opened the pressure instantly increases to that of the boiler, so that 
a medium can not be reached that is not constantly varying, except 
through the intervention of a safety or other valve, which will admit 
of a certain pressure and no more, the surplus steam escaping. 

Compressed air is in every respect to be preferred to steam for 
applying brakes to locomotives when it can be obtained at a reason- 
able cost. For instance : a locomotive fitted with an air pump and 
reservoir for a continuous train brake needs only a pipe connecting 
the driver-brake cylinders with the air pipe from the reservoir to 
the train, and they receive their supply of compressed air in the 
same way and at the same time that air is admitted to the other 
brake cylinders of the train, and in the same degree, all being con- 
trolled and graduated at the same time and alike. 

To the twelfth question of our circular, all who answered it give 
it as their decided opinion that so far as the running of passenger 
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trains is concerned, a road can not be as safely and economically 
operated by the hand brakes as by the use of a good system of con- 
tinuous train brakes under the control of the engineer, and that the 
benefits derived from the use of such a brake will more than com- 
pensate for the original cost and its maintenance thereafter, in pre- 
venting accidents and destruction of property, aside from its value 
as a means of greater safety and in time saved in making stops. 

On this point there was no difference of opinion expressed, and it 
is safe to say that the day is near at hand when all passenger trains 
running at usual speeds and higher will be equipped with some good 
continuous train brake under control of the engineer, if not of "i: .f 
others also on the train. 

The question is often asked, ** To what extent does a continuous -^^s 
train brake affect the wear of wheels as compared with the hand JEd 
brake?'' To this only a general reply can be made, on account of "^^f 
the changed conditions. With the hand brake quick stops, such as .^^s 
are made with the continuous brake, can not be made ordinarily, ^ , 
and while a part of the wheels of the train are exerting more than 
a proper share of retarding force, the others are exerting but little 
or none. 

On the other hand the continuous brake, applied to all the wheels 
of the train, exerting upon each a comparatively slight retarding 
force, yet the sum of these forces make a large aggregate, and these 
retarding forces united bring the train to a stop without producing 
any injurious effect upon the wheels from a partial sliding on the 
rails, as frequently occurs in the case of the hand brake, and it is evi- 
dent from this reasoning that the wear of the wheels is least with 
the continuous brake, other conditions being equal. 

Perfection has not yet been attained in any system of continuous 
train brake, and we have purposely criticised the various styles o 
brakes now in use with a view of directing attention to their im- 
provement where defective. 

We consider the subject of continuous train brakes one of great 
importance to the railroad interests of this country, and a perfect 
brake, if such can be attained, will do much toward greater safety 
promptness, and economy in running trains. Continuous brakes of 
practical value are of comparatively recent origin, and the different 
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jsystems as yet have not been tested a sufficient length of time to 
demonstrate their comparative value, nor all the points in which they 
are defective. 

Your Committee feel under obligations to Wm. Loughridge, Esq., 
for a drawing of his air pump and a description of the same, and for 
:lie facts set forth in his answer to the questions contained in the 
circular of your Committee. 

Also to the Westinghouse Air Brake Company for data, drawings, 
fc-nd other valuable information furnished us. We trust we have 
been able, in some degree at least, to embody in this report the facts 
rdrnished us by these and all other parties on this subject. 

Respectfully submitted, 

R WELLS, e/; Jkf. A /. iJ. i2., ) 

E. B. GIBBS, L, a & L. B. R. [ Committee. 

L. H. WAUGH, X. P. 12. J2., J 

On motion, the report was accepted. 

The President — The subject is now open for discussion. 

Mr. Peddle, St. Louis, Vandalia & Terre Haute Bailroad — Mr. President, 
the Committee in their report quote Mr. Loughridge on the Smith Brake, but 
say nothing of the Westinghouse Air Brake. If Mr. Loughridge has any- 
thing to say about that in his reply to the question submitted, I should like 
to know. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Kailroad — I believe 
that he only alluded to it in a general way. I do not remember that there 
was anything about that one in particular. He alluded to that, with other 
systems of brakes, in comparison with his own ; but I do not think he speci- 
fied the Westinghouse Brake in particular. He alluded to the vacuum 
brake, and objected to it ; but I think he was mistaken in his objection. 
That is my recollection in regard to the Westinghouse Brake. 

Mr. Peddle, St. Louis, Vandalia & Terre Haute Kailroad — I merely asked, 
because I supposed he would also have something to say about the Westing- 
house Brake. I thought he would be prepared to give both sides of the 
question. There is another thing I would like to ask the Chairman of the 
Committee. He speaks about the Smith Brake as compared with the Westing- 
house Brake being as nine to sixty in the application of the power ; I do not 
exactly understand, but I would like to be better posted in regard to it. 

Mr. Wells, Jefferson, Madison & Indianapolis Kailroad — I do not know 
as I can explain that very clearly. In obtaining a vacuum you have, as it 
might be expressed, a head of nine, or the difference between nothing and 
nine; but in admitting air at a pressure of sixty pounds you have got a head 
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or force of Rixty pounds to drive it in, and in that vacuum brake 70a have 
only a head of nine pounds to get it out. 

Mr. Peddle, St. Louis, Vandalia & Terre Haute Kailroad — We have that 
nine pounds in the vacuum brake on the surface, and jou have a pressure of 
forty pounds, not sixty pounds, to the inch, exerted on a portion of the small 
surface, while we have nine upon the large surface. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Railroad— -Ton do not 
understand me. I only alluded to the force or power in getting the air out 
and getting the air into the cylinders, not to the effective force of the cylin- 
der at all. ' Of course it is the same in the cylinder having nine pounds 
pressure to the square inch as in another having sixty pounds to the square 
inch, if you make a difference in the size. Where you have but nine pounds 
to the inch you increase the size to the point desired to get the power re- 
quired. The reference in the report to the difference between nine and sixty 
is in the head or force to create a vacuum and to put the pressure in the 
cylinder. 

Mr. Peddle, St. Louis, Vandalia & Terre Haute Railroad — At the appli- 
cation ? 

Mr. Wells, Jeffersonville, Madison & Indianapolis Railroad — At the ap- 
plication. It has nothing to do with the power applied by either one to the 
brake. 

Mr. Peddle, St. Louis, Vandalia & Terre Haute Railroad — There is one 
more thing I wish to inquire about, but I do not want to criticise the report 
of the Committee, for I think very highly of it, but I think they ought to 
have given us some idea of the expense of the Westinghouse Brake, as that 
is a very important feature of the question. There was nothing said about 
that. We have all the advantages set forth, but I think we ought to have 
the disadvantages as well. Now, on the Smith Brake I understand the run- 
ning expenses are very light. I do not know what the first cost is, but 
I believe it is somewhere near the Westinghouse Brake, but the repairs are 
very light, as I understand it. But the Westinghouse Brake is, as we all 
know, a very expensive institution, and requires an expert in the business to 
keep it up. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Railroad — ^In reference 
to the expensiveness of the brake I do not think that that would figure very 
largely in the matter if there was any difference in the effectiveness of the 
brake. These brakes are used on trains having passengers, and the question 
is, which is the best brake of the lot? Which is the safest, so far as the trav- 
eling public is concerned? That is a matter of much more importance than 
merely a few dollars in the first cost of the brake, or in the cost of keeping 
it up. The prevention of one accident a year on a passenger train would 
pay for all the brakes you have on the road, and for keeping them up, too, 
so that the matter of difference in the first cost is a secondary consideration. 



The brake thai is the most efiective is the cheapest, even if it costs the most 
atffirst. Now, jour Committee used all the n^ans at their command to get 
information on these points, but we did not direct our attention particularly 
to ascertaining what the difference was in the cost. We confined it more 
particularly to the qualities of the brakes themselves, as we considered that 
a matter of more importance than the cost. Now, I hope that all the mem- 
'bers in this Association will have something to say in regard to this question, 
and that they will criticise the report just as much as they please. I am 
always glad to hear both sides of the story, and in making up this report I 
will state that I was governed by my own judgment and by the light I had 
at my command, and I had very little assistance from any other source. All 
that I got I had to go out and hunt up. As was stated here to day in regard 
to the replies of the Master Mechanics to the different circulars, they were, 
to a very great extent, " Yes," and " No." That was about all the informa- 
tion we could get, with a few exceptions. There were about half a dozen 
persons who replied at some length on this question, but the balance of them 
were but little more than yes and no. 

Mr. Peddle, St. Louis, Vandalia & Terre Haute Railroad — Mr. President, 
I do not think anybody who knows Mr. Wells will impugn his motives in the 
least. I do nothing of the kind, far from it. 

Mr. Hudson, Rogers Locomotive Works — Mr. President, it appears to me, 
supposing the power of the two brakes to be as nine to sixty, that that 
hardly represents their relative value, because, if I understand it, if those 
forces were respectively available in the same time, then they would be 
equally valuable ; but the force of sixty pounds is available instantaneously, 
while it takes some little time to get the force of nine pounds. You have 
got to exhaust the air; it begins at nothing and gradually goes up to nine 
pounds ; while you are doing that your train may be going over the bank 
or somewhere else I 

Mr. Eddy, Boston & Albany Railroad — Mr. President, I do not feel my- 
self competent to discuss what, perhaps, should be the merits of these two 
brakes, but as I have had some little chance to witness their operation upon 
other roads as well as our own, perhaps I may throw out an idea or two, 
and give some information which may be of a little service in drawing out 
something else from some other person, if nothing more. It may not be 
known to but few of the Master Mechanics present that on the Boston & 
Maine Railroad they instituted a series of experiments for the purpose of 
trying the Westinghouse and the Smith Vacuum Brakes. It so happened 
that I was present, but I took no minutes of the experiment. The result, 
however, was like this : These trains, bear in mind, were running beside 
each other precisely at the same rate of speed, and at a given signal the 
brakes were applied simultaneously on both trains. At the commencement 
the Westinghouse Brake, having a storage of compressed air, seemed to 
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take hoH, and did take hold a little quicker, bat the vacuum brake tool 
hold very quick, and more grttdually and easier on the train. In the severa. 
experiments there was some little difference in them ; but as near as I 
recollect there was but very little in the checking up of the train. Th» 
Smith Brake would keep increasing in its power, while the Westinghous* 
Brake decreased. Allusion was made in the repfort of the Committee t» 
mischievous persons who might cut a hole in the diaphragm of the SmitEI 
Brak^. I am happy to inform you that that thing has since been done, 
proposed to try the effect and see what the result would be. The result th{ 
you get by cutting a hole in there when you apply the brake is, that tl 
atmosphere outside closes up the hole, and the brake will operate just 
well. If you cut out a piece of course it is gone, but it is not entirely goi 
then, because it has been demonstrated that you can go to the rear end 
the train pipe and let it wide open and put the brake on almost as effe 




ively as with it closed. The power of the ejector is so much, exerts such a 

force, and flies so quickly, that with the pipe open at the rear end of thi=ie 
car the brake is effective even then. We have on our road about an equ — =al 
number of the Smith and Westinghouse Brakes, and if the opinions of tk==ie 

men who operate these brakes and run them, are worth anything, they wou ^d 

be very happy to swap the Westinghouse for the Smith. I took considerate-^ Je 
pains, and was instructed by the officers of our road, to ascertain before i^^ve 
put the Smith Brake on our road all that I could in relation to it. I 

went to the Boston & Lowell Kail road ; I did not go to the officers merely 
but I went to the engineers, and to one in particular who had run it tl 
longest — he had run it considerably over a year at the time I made i 
quiries of him, and he said it had never cost a single cent for repairs in ai 
way, shape, or form, except what he had done himself in packing t' 
throttle. It never had failed, and he made about one hundred stops a di 
He was running the accommodation train between Boston and Lowell whi 
made about that number of stops. I have my doubts, Mr. President, whetl 
a parallel case to that can be brought up for the Westinghouse Bral 
certainly it can not on our road, although it is a comparison I am m 
drawing between the two. The Westinghouse Brake is a good, efficie 
brake, but as far as my experience and knowledge goes, it is not as si — — ir© 
every time as the Smith Brake. We have come just as near as we could, - ^ 
not have it, of having two or three accidents on our road at crossings — of 

railroads and at curves, in consequence of the failure of the Westinghoi '^e 

Brake. 

Mr. EoBiNSON, Great Western Kailroad — I would like to ask Mr. Ed — dy 
what the cause of the failure, or the one or two failures, of the Westinghoi— ^^-^e 
Brake on his road was ? 

Mr. Eddy, Boston & Albany Bailroad — The pump refused to work ; tfc^*-^^ 
is all I can tell you. 
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Mr. Jackhan, Chicago, Alton, & St. Louis Railroad — Mr. President, I 
hoald a great deal rather hear from some of the others here in regard to 
bis brake than to say anything myself, because I think I have not had as 
socli experience as a good many of them have had with the Westinghouse 
(rake, and I have had no experience with the vacuum brake. I have used, 
owever, the steam brake for about two years. I have tried it very success- 
illy ; and oar trial with the steam brake has convinced me, as well as all 
\e others connected with the road, that the steam brake is not the thing — 
hst iB, I would not recommend its adoption by any road. The brake we 
re using now is the Westinghouse Automatic Brake Attachment. I will 
e as brief as possible, but I will allude to one particular point, so far as that 
I concerned, and leave it, because in the report of the Committee it is very 
laborately treated. They say that they have not received much definite in- 
brmation with regard to its use on the drive wheels. We have six locomo- 
Wes now that are equipped with drive-wheel brakes, beside a good many 
nore with the brake without the drive-wheel brake. I followed this rule, 
ind thought I would try it until we had used it enough, so that I could dis- 
cover whether it would be of any use or not. So far as we have used it, on 
the drive wheel, its results have been very fine indeed ; and I have not seen 
a single thing that would lead me to speak unfavorably of its use in this man- 
ner, and it certainly is a great help in stopping the engine and in stopping 
the train, and the engineers who run the six engines, and those who have 
seen the operation of it thus far on the six engines, desire to have the appli- 
cation of the brake to the drive wheels as well as to the tender. That shows 
that as yet they have not found a single thing that they could say' against it, 
that is as far as my experience goes with regard to its use on the drive 
wheel. So far as the effect of the automatic brake is concerned, there are 
some questions which have been brought up in this report that we have got 
to answer by experiment, and that we shall find out in our own practice, as, 
for instance, whether there is any difficulty that will come, such as has been 
spoken of. Thus far, to the extent that we have used the automatic brake, 
it has given us very good satisfaction, and we have made some of the most 
excellent stops with it. I have seen the train running at a pretty high speed 
brought up much quicker than I had any idea a train could be stopped with 
a brake. It worked very fine. I desire to hear from some of these persons 
who have had a good deal more experience with this brake than 1 have. 

Mr. Eddy, Boston & Albany Bailroad — Mr. President, the Connecticut 
Biver Bailroad, so-called, I believe are putting it on all their freight en- 
gines, and think more of the brake for their freight trains than they do for 
the passenger trains. I think we have put the vacuum brake on some 
three or four, but I believe they are putting it on all their engines. I do 
not know that it makes any difi'erence which we use. 

Mr. Jacslmak, Chicago, Alton & St. Louis Bailroad — Mr. President, I 
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would like to make an inquiry as to how much steam it requires to operate 
the vacuum brake — that is, what the wastage of the steam in the application 
of it is. 

Mr. Eddt, Boston & Albany Bailroad — I think that we could answer that 
question in about the lime we answer the question how much it takes to drive 
the Westinghouse pump. Let me tell you one thing which is different with the 
Smith Brake from what it is with the Westinghouse. We use, as a matter of 
course, the steam for the vacuum brake when we do not want it for any other 
purpose, and when you shut off your steam, to run into the station, especially 
with coal, oftentimes it flashes up and you are glad to get rid of it ; while, on 
the other hand, you have got to make your steam on purpose for that use. 

Mr. jAGKMAN,Chicago, Alton, & St. Louis Bailroad — The reason I asked 
the question was I had been informed that with the application of the brake 
you lower the steam in the boiler to the amount of ten or fifteen pounds di- 
rectly, and some have put it even larger than that. If such be the fact it is 
readily told about what amount of steam is taken from the boiler by the ap- 
plication of the brakes where you have to make stops. It takes considera- 
ble time to do that. I never have seen the operation of it, consequently know 
nothing only what others have told me. 

Mr. Eddy, Boston & Albany Bailroad — I suppose you are all aware of the 
manner in which that acts, and the way it is fitted up. You open your cock 
and form your vacuum which takes but an instant; it need be opened but an 
instant ; then your valve closes and holds it there, and if you can lower your 
steam in the boiler ten or fifteen pounds in that way it is news to me. 

Mr. Hayes, Illinois Central Bailroad — Mr. President, Mr. Eddy and my- 
self were appointed a committee during the Convention at Boston to witness 
the action of that brake, and in answer to Mr. Jackman I would say that I 
watched the indicator on the engine very closely, but I could not see any 
movement of the hand at all when the brake was applied, but I did notice 
this one particular, it took about fifteen seconds to create the power. In the 
Westinghouse Brake you had that already created, reserved in the tube; and 
I observed to Mr. Smith that I thought if he could arrange his vacuum to 
have a tank, and operate the brake, he could create it at once, so that he 
could apply it immediately, and it would be equal to the other. I have, 
however, this opinion of the two brakes, that the Smith Brake, or the vac- 
uum brake, would take less force from the engine for the power created than 
the Westinghouse Brake. But it certainly does take about fifteen seconds to 
create the power that you need. 

Mr. Eddy, Boston & Albany Bailroad — Mr. President, I am not disposed 
to criticise what Mr. Hayes has said. What he says is true, or was true then, 
to a certain extent ; but I think, if I am not mistaken, that was about the 
first brake that was put on. It was put on in a great hurry, and everything 
was, as it is apt to be in all new inventions, very incomplete at the time. If 
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Mr. Hayes will take the trouble to see the operation of it now he will find 
out the difference. 

Mr. HoDGMAN, Philadelphia, Wilmington & Baltimore Eailroad — Mr. 
President, I do not care to take up the time of this Convention in the dis- 
cussion of this question of brakes, but as we have about an equal number 
of each kind, I thought I would just try to help Mr. Eddy out. He seems 
to be all alone in trying to sustain the vacuum brake. I would suggest in 
reply to Mr. Jackman, that in applying that brake it lowers steam generally 
about one pound or two by the gauge, and vfe use that steam at a time when 
"we do not have any other use for it. The Westinghouse Brake is using 
steam all the time the whole length of the road, and of course it must use 
more or less fuel. In regard to repairs, let me say a few words. We have, 
I think, about fifteen of each kind of brakes — I am speaking now of en- 
gines, I know nothing about the car repairs — the Westinghouse Brake 
averages from ten to fifteen dollars per month, and the vacuum brake has 
not cost us a dollar a month for repairs. To corroborate one statement that 
Mr. Eddy made in regard to the opinion of the engineers on the brake, so 
far as I know they are all very glad to change from the Westinghouse to 
the vacuum. I would state that the vacuum brake has given very good 
satisfaction on our road, especially on the way trains. We run it altogether 
on the way trains, and the other brake on the through trains. The reason 
that they like them on the way trains so well is because they let up so 
quick, and allow them to get away from the station so readily. Our en- 
gineers, using them between Philadelphia and Wilmington, where they 
make from eighteen to twenty stops, can make from six to eight minutes 
better time with the vacuum brake than they can with the Westinghouse, 
therefore I think as to time it is an advantage as well as to expense for fuel 
and repairs. I suppose every Master Mechanic in the country is working, 
or ought to be, to reduce the expenses of his road, and if we can avoid com- 
plication in machinery we take a step in the right direction by adopting 
the simplest, and the vacuum is the simplest brake that I have ever had 
anything to do with. 

Mr. Lilly, of Indianapolis — Will the gentleman state how the two com- 
pare in distance or stoppage ? 

Mr. HoDGMAN, Philadelphia, Wilmington & Baltimore Bailroad — We 
never have tried them side by side. The only time I ever saw them tried 
was that which Mr. Eddy speaks of on the Boston & Maine Bailroad. I 
think there, without the automatic brake, they were the same, but with the 
automatic attachment to the Westinghouse Brake they differed a little. 
Perhaps there is some one here who can give the exact time. 

Mr. Eddy, Boston & Albany Eailroad — It has been said, and it may be 
said again, that the vacuum brake does not operate on our long trains, but 
that it will do tolerably well with a short train. In reply to that I have to 
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say that in this trial there were thirteen long cars, and as far as I was capa- 
ble of judging it worked equally well, if not better, on the long trains than 
it did on the short ones. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Railroad — Mr. Pres- 
ident, I would like to ask Mr. Eddy, or some gentleman who was present at 
that trial at Boston, whether the two trains referred to — the one having the 
Westinghouse Brake, and the one having the vacuum brake — were under the 
management of a committee appointed to ascertain the difference, if there 
was any, in the time that it would require to make the stop with the two 
brakes. 

Mr. Eddy, Boston & Albany Railroad — I think they had two experiments 
at different times. If I am not mistaken, the first one was gotten up at the 
suggestion of Mr. Sellers (Westinghouse Brake), and that the advocates of 
Mr. Smith, and those in favor of the vacuum brake, were not present at that 
time. But when the Smith Brake was operated, I do not know but Mr. 
Smith was there. I think, however, he had nothing to do with the experi- 
ment. The second trial was gotten up, I t^ink, by the managers of the road ; 
but I do not know. I know that Mr. Smith and Mr. Sellers were there, and 
that there was a committee appointed to conduct the experiment ; but under 
whose control it was I am unable to say. My impression is that the experi- 
ments were entirely under the control of the Committee. They were very 
elaborately gotten up for that purpose. There were, I should think, from 
six to ten stops made. 

Mr. Sellers, of Pittsburg — Mr. President, Mr. Lauder is present, and I 
should like to hear from him, as he was present at the trial in Boston. 

Mr. Lauder, Northern New Hampshire Railroad — Mr. President, I did 
not propose to say anything on the subject of brakes, as I think it is inclined 
to be discussed here as much as it will bear ; but inasmuch as I have been 
called upon, I suppose it will be proper for me to make some remarks. I 
was present at the trial on the Boston & Maine Railroad with the two brakes; 
in fact, I was one of the Committee to conduct the experiments. There was 
a strong effort made to have the experiments conducted in a certain way at 
first ; but the Committee refused to act unless they could have something to 
say about it. It was finally referred to them to make such experiments as 
they saw fit. In the first place, then, we made three stops with the two 
trains furnished by the Boston & Maine Railroad. I think there were twelve 
cars in each train, and they were as nearly alike as possible. The stops were 
made by a signal given, passing over some torpedoes. In what condition 
the trains were, I am not able to state further than this, that I know there 
were §ome cars equipped with the Westinghouse Brake that were in such a 
condition that, when the brake was put on, the piston would go against the 
cylinder. How the vacuum brake was, I am not able to state; but I presume 
it was in good condition. There were three stops made, two of which the 
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vacaam stopped the train about thirty feet distance, if I remember rightly, 
sborter than the Westinghouse. In the other trial the Westinghouse beat 
the Tacaam. 

Mr. SsLLEBS, of Pittsburg — I would like to ask Mr. Lauder if the West- 
inghouse Brake Company furnished the brakes for that train. 

Mr. Laudeb, Northern New Hampshire Bailroad — ^They did not; the 
"oads furnished the train, as I understand it. I have heard that the West- 
inghouse C!ompany had formal notice of the trial, and that they were in- 
riled immediately before the trial. There was a train provided by the 
W^eBtinghouse Company to make trials with on the Eastern Bailroad, but 
irhen we got out to Danbury, I think it was, we found the train there. After 
DQaking these trials with the two Boston & Maine trains, we then took in this 
train with the Eastern Kailroad, a train of eight cars, I think. We took off 
eight cars having tiie vacuum brake and made some experiments with them. 
That train was equipped with the automatic attachment — the auxiliary at- 
Uichment to the Westinghouse. There were three stops made, I think, with 
those trains. I do not remember about the last two, but I know about the 
first. When they stopped then the vacuum train was five cars and the en- 
gine ahead of the Westinghouse train. ' That stop was made with the auto- 
matic Westinghouse. Then as regards releasing, on our road we have both 
brakes. We have got our through train equipped with the Westinghouse 
Brake, and we have got one local train equipped with the vacuum brake. I 
am prepared to say that in my opinion both brakes are good and work well, 
but I certainly must 'give my preference to the Westinghouse Brake. I 
think it is more reliable — at least I have always found it so. In the matter 
of repairs I do not know how a brake can be made to cost fifteen dollars a 
month. I do not think we spent five dollars a year to keep our pumps good. 
It is certainly safe to say we did not expend that amount in their repairs. I 
have my own opinion in regard to that Boston trial. My impression is that 
the cars equipped with the Westinghouse Brakes, on the train furnished by 
the Boston & Maine Kailroad, were in very bad condition. Whether they 
were in any worse condition than the vacuum I am not able to say. I might 
say in regard to the brake releasing just a few words. There are roads that 
have heavier trains than we had. We run from five to nine cars equipped 
with the brake, and I never saw any trouble about its releasing in these ex- 
periments. Although I was not present, I think in going up from Boston 
they tried an experiment of the time occupied in the stopping and starting. 
If I recollect rightly the Westinghouse train had the advantage in the mat- 
ter, but I presume, though I am not sure, that they had the automatic brake. 
The report in the papers gave the Westinghouse Brake the advantage. 

Mr. Eddy, Boston & Albany Bailroad — ^The gentleman does remember 
rightly. The Westinghouse Brake did have the advantage going back. I 
can tell you how it happened, for I happen to know. The engineer on the 
18 
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engine that had the vacuum hrake through some mismanagement let his 
steam go down^ and he had but little steam. So much for that. Now then, 
in dincussing the vacuum brake in connection with the Westinghouse, I do \ 
not put it in comparison with the automatic brake, because mj opinion is 
that that is so complicated that no road will ever attempt to use it with the 
automatic attachment. The stops were very much in favor of the Westing- 
house Brake. 

Mr. Jeffrey, Illinois Central Ilailroad — Mr. President, I have just been 
consulting with Mr. Hayes and the Master Mechanic of the Southern Di- 
vision of our road, and the Master Mechanic who has charge of the shops 
here in Chicago, and they inform me that during the last year they ascer- 
tained the average cost per month for labor per engine for the Westinghoase 
Brake was some seventeen hours for the year 1873. Taking that at thirty 
cents an hour, you make the average five dollars and ten cents per month for 
repairs on the Westinghouse Brake. The gentlemen can add to that the ma- 
terial and form as good an estimate as I can as to the average cost. The 
probabilities are that it will range from six to seven dollars per month. We 
have in use on the road forty-eight Westinghouse Brakes on engines, and a 
separate account is kept of the labor and material used, so that we can form 
a definite idea in regard to the cost of repairs. Of the real merits of the two 
brakes I can say but little. I have seen plans of the vacuum brake and that 
is the substance of what I know in regard to it. Judging from the plans it 
looks like a good, simple brake, and as a mechanic I see no reason why the 
brake would not perform its duty well. There is but little machinery about 
it. It is a pressure of nine pounds to the square inch, and a suitable-sized 
diaphragm under the car, I see no reason why the brake can not be set up as 
well as it can with the Westinghouse arrangement ; but we use the West- 
inghouse Brake and it has given great satisfaction on every division of the 
road, both the prairie and heavy-graded sections. In going down the heavy 
grades it enables the engineer to graduate the speed at will. 

Mr. Eddy, Boston & Albany Railroad — I do not wish the gentlemen to un- 
derstand, in the discussion of this matter, that I have any feeling either one 
way or the other — either for the parties for the Westinghouse Brake or for 
the other. All that I have to say, Mr. President, and all that I have said, is 
simply in the interests of fair play. Now, then, when a man says the West- 
inghouse Air Brake doest not cost, to keep it in repair, more than the gen- 
tleman who last spoke says, I want to know how it is done. I would like to 
ask the gentleman whether all the repairs put upon its pumps are done by 
the men in the shop, or whether his engineers do it? My engineers that run 
thosp brakes tell me they would rather keep all the rest of the work in re- 
pair than to keep them in order. Whether we are different from all other 
companies, or whether we get bad pumps, or whether we get poor mechan^ — 
ics, I do not know ; or what the matter may be, I am not prepared to say. 
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Mr. Fellows, Lake Shore & Tuscarawas Vallev Railroad — Mr. Presi- 
dent, I woald like to ask Mr. Eddy if he can give us any information in re- 
gard to the cost of repairs in the brake arrangement under the cars having 
the vacuum brake. Is there anything to become disarranged that would be 
likely to make a bill of expense ? 

Mr. Eddy, Boston & Albany Railroad — Mr. President, I can not do that ; 
the cars do not come directly under my supervision ; but I am informed by 
those who ought to know, that if we leave our engines to stand in the house 
a few days, having the Westinghouse pump on, it is very likely not to work 
when It is called upon to do so; and the cylinders of the brakes, if it stands 
a few days, want looking to, fixing up, cleaning, oiling, and are very un- 
likely to work. This I can not say of my own knowledge, but it is easy 
enough to see that the sacks of the Smith Brake have none of those things 
to contend with. I know that the sacks that were put on the Boston & Lowell 
Railroad at the time of the trial that Mr. Hayes speaks of, were all there 
fifteen months afterward, and never cost a cent for repairs. 

Mr. Felix) ws. Lake Shore & Tuscarawas Valley Railroad — Mr. President, 
the reason I asked that question is because the repairs of the cars on our road, 
88 well as the locomotive, come under my jurisdiction. I can safely say that 
the repairs of the brake, arranged under the car, would cost us more than 
the pump repairs on the engine. We have the automatic arrangement for 
taking up lost motion on the brake, and it don't work worth a cent, nor have 
We ever been able to make it work, although we took the pains to write to 
Mr. Westinghouse and get his full directions about putting them on. We 
made an entire change under three of our passenger coaches, and are doing 
80 under the others as rapidly as we can, /or the purpose of conforming to 
liis directions, and still they will not work. It is unsatisfactory, so much so, 
that the brakemen are now compelled to take the slack up by the wheel at 
the rear end of the cars in order to make them work. Then the manner of 
letting off the Westinghouse Air Brake on the long train is certainly not 
satisfactory, although they have the air cock in the couplings between the 
cars. I will state a little circumstance that happened upon the Lake Shore 
Railroad, and in doing so, Mr.Sedgley will correct me if I am in error. Not 
long ago their train, Ko. 5, came to Elyria and stopped at the junction with 
a heavy train on a heavy grade. In starting, the brakes did not let off, and 
the engineer could not start his train. By some means, I do not know how, 
the throttle became disarranged and he could not shut it off, and his engine 
stood there and slipped until it caused a deflection in the rail of nearly half 
an inch where the four drivers stood. I have seen the same thing occur sev- 
eral times, in fact it is of almost daily occurrence at that point with those 
heavy trains of from eleven to thirteen cars. It is a pretty difficult matter 
to get such trains away from there, and very often you will hear the engi- 
neer call to let off brakes, which, I suppose, means calling the attention of 



276 , 

th« brakemen to these air cocks in order to make use of the air. Now, if the 
yaccnum brake has no arrangement that ii likelj to get out of order in that 
way, and cause its repairing, there is an advantage; if they will let off on 
long trains there is a decided advantage. By the arrangement of the Gkird- 
ener & Bansom Brake, as they claim in their patent, they can let the brake 
off just as quickly and as effectively as they can put it on. They have the 
four-way cock. That is what they claim as an improvement. Their pump 
for pumping air, I think, is more substantially made than the Westinghouse 
pump. I have seen some of them work, both as experiment, where they 
were put up for testing, and alsp on engines where they had been put on for 
service. Th^y have one on the Cleveland & Columbus Bailroad that I 
saw very often ; but only a few days ago I was talking with the engineer in 
regard to it, and he says that that pump has never cost any labor more than 
to do the packing, and is always ready to work, no matter to what point the 
pressure in the boiler falls, unless you shut off steam from the pump, when 
it will stop working ; but it does not matter in what position the pump is 
when the steam is shut off, or when it is put on, the pump goes to work just 
as readily. That is not the case with the Westinghouse pumps at all times, 
although they have improved their pumps to such an extent that we have 
trains that never delay us if the pumps are properly packed. But the re- 
pairs on these pumps is quite an item. We have broken several parts in 
using them, because they are lightly constructed in many of their parts, and 
it necessarily must be so from the size of them. But when they have broken 
the Westinghouse Company have replaced the parts without any charge, so 
far, upom simply remitting to them the old parts that were broken. If we 
had been to the expense of buying those parts the expense of our repairs 
would have been very materially increased and been a considerable item ; as 
it is I do not know that I can say the expenses of repairing has been so 
very great, but I think they will run over five dollars a month. Now, if the 
Gardener & Bansom pump will relieve the brake from the wheel as readily 
as it can be put on, as they claim it will, and if it can be put on as effectively 
as the Westinghouse, then there is a decided improvement. If their pump 
in its working is accurate every time, and without trouble, there is another 
improvement. If they have built it more substantially, as I believe they 
have — for it is certainly simpler in its working — there is still another im- 
provement. If the vacuum brake will do the same thing without the com- 
plication of machinery under the cars, there is most certainly an improve- 
ment in that. 

Mr. Wells, Jeffersonville, Madison, & Indianapolis Bailroad — Mr. Pres- 
ident, I would like to have it explained to me why it is that the vacuum 
brake will release itself better than the Westinghouse, and why the Gardener & 
Bansom Brake will release itself better than the Westinghouse ? If it does 
it is on account of some defect in the arrangement of the brake springe, or 
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«omething like that, because the only waj that the Westinghouse Brake is 
released, or the Gardener & Ransom Brake, is by allowing the air to escape 
OQtward. If the air escapes outward at all. as there is no pressure in there, 
it escapes in the manner just as it does in the other. But in the vacuum 
brake it' is released by allowing the air to flow inward and fill the space 
again. Now, how can there be any difference between the air coming in to 
release the brake and coming out to release the brake ? So far as the prin- 
dple is concerned there can be no difference. The one may do it just a« well 
as the other, provided they are adjusted properly. Now, Mr. President, the 
main point in this brake question, to my mind, is, what system of brakes can 
be applied the quickest? And that is where the whole matter of difference 
rests really. If the present air brake can be applied with its mechanical 
force as well in a shorter space of time than the vacuum brake, as a matter 
of course it must, to that extent, be better. If the vacuum can be applied as 
quick as the other, then, as far as that is concerned, it is equally good in its 
operation. There may be some things in which one is more valuable than 
another; but this matter of time is one of the most vital and important ele- 
ixients in the brakes. So far as the cost of keeping up the brake under the 
car is concerned, it seems to me the cost of keeping up the vacuum brake 
would equal that of the Westinghouse or any other simple arrangement, from 
the very fact that there is substance used that will deteriorate after a while. 
The rubber diaphragm will, in course of time, have to be renewed. In fact 
X have had considerable experience in keeping up the brakes oa the cars on 
our line, and I have found that the Westinghouse arrangement has made 
scarcely any trouble in keeping it up. In regard to this arrangement for 
taking up the lost motion in the brake, I will say that, although I have not 
put very many of them on, those that I have put on have, so far, worked per- 
fectly. I have had no difficulty with them at all ; neither have I experienced 
any trouble in releasing that brake — not a particle. If that brake is prop- 
erly put on, with proper springs, and properly adjusted, it will release itself 
just as quick by allowing the air to flow out as the vacuum brake will release 
itself by allowing the air to flow in. 

Mr. Eddy, Boston & Albany Railroad — Mr. President, I have already 
consumed more time than I had intended, and I beg to apologize for doing 
so, but the gentleman asks one question, and I am a little surprised that he 
should ask it. He wishes to know why the Westinghouse Brake will not 
release itself as quickly and freely as the Smith Brake. It seems to me to 
be so apparent to everybody that I am surprised that he should ask such a 
question as that. The Westinghouse Brake has a cylinder and piston in it, 
and that piston has got to be tight enough to prevent the air from passing 
by it, and consequently it must have some friction. Now, that question is 
equivalent to asking why the piston that is made air tight, will not work 
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just as readily in the cylinder as a rubber bag will expand when you take 
the air away from it. 

Mr. Fellows, Lake Shore & Tuscarawas Valley Railroad— Mr. Eddy has 
answered only a portion of the question, jand if you will allow me the priv- 
ilege, Mr. President, I will answer the other in the best way I know how . 
The principle of the Gardener & Ransom Brake in releasing, as I have said 
before, is by a four-way cock. The Westinghouse has a three-way cock also, 
and one office of it is to exhaust the air from the cylinder when yon do not 
want to use it. One of the claims of the Gardener & Ransom Brake to su- 
periority is that by the use of the three-way cock, after applying the brake, 
they can turn that quickly and apply the same pressure from the cylinder 
into the cylinder under the car to release the brake, that they used to put it 
on, and it is just as instantaneous. I do not care how long the train is, it is 
just as effective, as it will apply the brake as well and as surely, and let it 
off as quickly, as it is applied the Fame as on the short trains, and it is done 
by the same pressure that puts it on by admitting it into the other end of 
the cylinder under the car. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Railroad — Mr- Presi- 
dent, I will only say to the gentlemen who are so familiar with all these 
brakes, that had they furnished your Committee with the information at 
their hand, we perhaps might have avoided some mistakes that we have 
made. In regard to Mr. Eddy's question I will state that on the brakes I 
have had charge of the springs are sufficiently strong to overcome the fric- 
tion of the piston sliding in the cylinder, so that all there is to do is to let 
the air flow out. and the springs throw the piston back, and the brake releases 
itself as easily as the air flows in with the other brake, as that releases 
itself. 

Mr. Eddy, Boston & Albany Railroad — Mr. President, just one word. I 
do not know but the gentleman can adjust a spring there that will take that 
piston back every time as soon as the air is let out, but it seems to me if he 
does that oftentimes he will have a great deal more power than is necessary, 
for all that know anything about it know the piston heads stick a great deal 
more sometimes than thev do others. 

Mr. Forney, Railroad Gazette — Mr. President, I move that this discus- 
sion be closed. 

Carried. 

Mr. Peddle, St. Louis, Vandalia, & Terre Haute Railroad — Mr. Presi- 
dent, I have a resolution I would like to offer. 

Reaolvedy That the thanks of this Association are due to its Secretary, Mr. 
Setchel, for the able personal attention which he has given to the require- 
ments of his office during the past year, and that the sum of $500 be paid 
to Mr. Setchel as an acknowledgment of the same. 

On motion of Mr. Hayes the resolution was adopted. 
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Mr. BoBiNaoK, Great Weetern Railroad — Mr. President, in the report of 
"Mfi Mechanical Laboratory Committee it was mentioned that»- Messrs. Pros- 
per & Son, of New York, had kindly donated a dynamometer to this Associ- 
atioD. That dynamometer is now at the other end of the room in a box, and 
^mh be examined by whoever may wish to do so. In connection with that 
dynamometer I beg to ofifer the following resolution : 

Besolvedf That the thanks of this Association be conveyed to Messrs. Pros- 
aer A Son, of New York, for their donation to our Mechanical Laboratory. 

Besolution adopted. ^i. 

Mr. Setchel, Little Miami Railroad — While resolution^, seem to be in 
order I desire to call the attention of the Association to a fact I forgot to 
mention in my report, that the Association, during the past year, has been 
the recipient of a donation from the Rogers Locomotive Works of fifty dol- 
lars, and from W. W. Evans, of New York, of five dollars. I would move 
that a vote of thanks be returned to each donor for their contributions. 

Carried. 

Mr. Setchel, Little Miami Railroad — Mr. President, I have another 
^«8olation : 

Whereas, An All-wise Providence has removed from our midst by death 
our friend and brother-member, J. R. Gayle, be it 

Mesolvedy That we tender to the bereaved family our heartfelt sympathy, 
«ind mourn with them the loss we deeply feel, but can not repair. 

Mesolvedj That the Secretary be instructed to transmit a copy of these res- 
olutions to Mrs. Gayle, and also publish the same in our Annual Report. 

Besolution adopted. 

Mr. Robinson, Great Western Railroad — Mr. President, I would like to 
aflk the Convention what shall be done with that dynamometer? 

Mr. Eddy, Boston & Albany Railroad — Mr. President, this thing is all 
new to me, but it seems to me that that instrument was given with the under- 
standing that we were to have a laboratory. Inasmuch as we have not got 
one, and have no place to put it, it seems to me that the instrument, with our 
thanks, ought to be returned to the donor, to do what he sees fit with it until 
such time as we may have some place in which to keep it. I can not see any 
other disposition to make of it. I simply throw out the suggestion. 

Mr. Hayes, Illinois Central Railroad — Mr. President, I would move that 
it remain in the hands of the Supervisory Committee, they to dispose of it 
as they see proper. 

Motion carried. 

The Pbesident — I will call now for the report of the Committee on 
Place of Meeting. 

The Secretary read the report of the Committee on selecting a place for 
holding the next annual meeting. 
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Report of the Committee on Place of Meeting. 

Gentlemen: Your Committee, appointed to select a place for 
holding the next annual meeting of the Association, beg to report 
the following cities. The first mentioned, however, would appear to 
meet with the most favor, and your Committee therefore recommend 
it: New York, Cincinnati, and Montreal. 

Respectfully submitted, 

EDWIN GARFIELD, JT., P. <fe F. B. iJ., ) 

R WELLS, J, M, & L JR. 22., \ Committee, 

W. A. ROBINSON, O. W. B. B. J 

On motion of Mr. Elliot the report was received. 

The Pbesident — The Constitution says that the regular meeting shall be 
held at such place as may be determined by the majority of the members 
present at the previous meeting. The majority of members present will de- 
cide where the next meeting will be held. 

Mr. Sprague, of Pittsburg — Mr. President, I would like to mention an- 
other city besides those mentioned by the Committee, if it is not too late. 

The President — It will be in order to suggest any other places not 
mentioned by the Committee. 

Mr. Sprague, of Pittsburg — ^It is the city of St. Louis ; we talked of going 
to last year but deferred it one year on account of the St. Louis bridge not 
being completed. I move that St. Louis be added to the list. 

Carried. 

On motion, New York was selected as the place to hold the next annual 
meeting. 

The President — The next business in order, gentlemen, will be the report 
of your Committee on Machinery for the Supplying of Water Tanks, giving 
a description of the engine windmill, or device, and the costs of working 
the same. 

The Secretary then read the report. On motion the report was referred 
back to the Committee to report at the next annual meeting. 

The President — Gentlemen, we have some business laid over from last 
year. On page 213 of our Report is the report of the Committee on Asso- 
ciate Membership. The names of Messrs. L. D. Bartlett, of Fitchburg, Massa- 
chusetts, and Edward Harrington, of Philadelphia, were proposed for Asso- 
ciate Members, and the Committee reported favorably. Afterward there was 
a motion made by Mr. Sprague, of Pittsburg, that the question be laid over 
until next meetino^ ; the next meeting has arrived, and it should come before 
this meeting for action. There has also been a name presented this even- 
ing, that of Joseph G. Rogers, recommended by Mr. Towne, A. H. DeClercq, 
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and John Thompson. It is necessary that a committee of three be appointed, 
and the names referred to it, and then be balloted upon. Also, this Associa- 
tion has received a beautiful book of drawings, presented by Mr. Weissenborn, 
of New York, with a letter accompanying it, which the Secretary will read. 
The Secretary then read the letter. 

Letter f^om Mr. Weissenborn. 

To the American Railway Master Mechanics* Association : 

Office of American Locomotive Engineers, \ 

New York, May 9, 1874. / 

Gentlemen — I have this day forwarded, by express, for the ac- 
ceptance of your honorable body, a volume of "American Locomo- 
tiive Engineering," which is now completed in twenty-four numbers. 
In doing so I desire to commend the work to your examination 
cind kind consideration. The high reputation to which American 
locomotive engines have attained in all parts of the world, is due 
almost entirely to the genius, intelligence, and perseverance of the 
"body of men whom your Association represents, and of these I have 
endeavored to make the work a representative and a monument. I 
liope it will prove of value in promoting a still higher pre-eminence 
of American locomotives, and in contributing to the general success 
of American railways. If it shall do so, my highest ambition will 
be gratified. 

The work has been undertaken and prosecuted amid many em- 
barrassments, and its successful conclusion is due largely to the 
assistance which I have received from Master Mechanics and Loco- 
motive Builders in all parts of the country. Their aid has been of 
the greatest value to me, and is most gratefully remembered. 

Trusting that your present convocation may be harmonious in its 
counsels, and that they will contribute to your best interests, 

I am very sincerely your friend and fellow-citizen, 

GUST A V US WEISSENBORN, Mechanical Engineer, 

Mr. Chapman, Cleveland & Pittsburg Bailroad — Mr. President, I would 
introduce the following resolution : 

Besolvedj That the thanks of this Association be tendered to Gustavns 
Weissenborn for the very handsome volume on "Meciianical Locomotive 
Engineering," that he has placed in our possession, and for his courteous and 
excellently executed address accompanying the same. 

Besolution adopted. 
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The President appointed on the Committee for Associate Membership, Mr. 
Wells, Mr. Peddle, nnd Mr. Garfield. 

The Secretary then read the report of the Assessment Committee. 

Report of Committee on Assessment, 

Gentlemen: The Committee on Collection of Assessment beg 
loavo to report that they have collected $1,155, as follows : 

AsHessnient fur current year $1,110 00 

Hack dues 40 00 

Donation 5 00 

Total $1,155 00 

EDWIN GARFIELD, H, P. & F. B, B., ) 
GEORGE RICHARDS, B. & P. B, i2., \ Committee, 
CHAS. GRAHAM, L. & B. B, B, j 

On motion, the report was accepted. 

Mr. Sprague, of Pittsburg — Mr. President, for want of time I would 
move that the paper written by our associate member, W. W. Evans, be sub- 
mitted to the Supervisory Committee, to be embodied in our report. 

Carried. 

ENGmEERTNG OFFICE OF WaLTON W. EvANS, > 

63 Pine Street, New York, April 29, 1874. j 
J. H. Setchel, Es(i., Secretary Master Mechanic^ Association : 

D£AR Sir — I have found it utterly impossible to write such pa- 
pers for your Annual Convention of this year as I intended and 
wished to. My entire time is taken up in investigating and studying 
railway progress, chiefly and particularly in foreign countries; in 
doing this I am promoting American interests abroad, and also the 
railway interests of those countries using American railway "plant," 
and other countries which are beginning to understand the merits of 
the American system of railway construction, equipment, and man- 
agement. You and I have no doubt but that the Association will 
be pleased to know that the government of Victoria, in Australia, 
have determined to try the American system of railway cars, and 
have sent to this country for specimen cars to run on the state rail- 
ways of that important colony. Also, that the English Engineer 
and Manager of the Coquimbo Railway of Chili, having obtained 
from here bogies on which to mount some of his English passenger 
car bodies, and finding them to give great satisfaction, has ordered 



283 

bogies on which to mount his whole rolling stock of passenger car- 
riages. The same has been tried with great satisfaction on the Mex- 
ican Railway, where they spliced with much care and skill two 
English carriage bodies together, and mounted them on American- 
made bogies. On this same railway which belongs to an English 
Company there are now running a large number of American-made 
bogie goods — cars. Recently they have been experimenting on the 
powers, efficiency, and economy of American engines. The reports 
I have received from them go to show that this company have not 
been led astray in their expenditure. To prove what American engines 
could do on a very difficult line having many sharp curves and steep 
gradients, an English engineer in Mexico writes a letter that I 
have seen, in which he says of some consolidation engines I sent 
last year to Mexico : " The American engines are whipping the 
double-bogie engines all' to pieces. They appear to be getting bet- 
ter all the time, while the others are getting worse. They haul 
eighteen, nineteen, and up to twenty-one loaded cars (each four 
wheels is called a car — the load is about five tons on each four 
wheels, exclusive of weight of car) from Vera Cruz to Orizaba, 
eighty-two miles, and get in thirty minutes ahead of time, while the 
double bogies do well if they haul eighteen and dineteen cars and 
get in at eleven o'clock at night, instead of half past six, the table 
time." On this portion of the road there are three and one-half per 
cent, gradients — 185 feet per mile. 

The American engines have four pair of 48-inch wheels, and 
89,000 pounds on them — they run with steam of 115 to 125 pounds, 
and cut-off at two-thirds stroke. The double bogie engines have 
six pairs of 42-inch wheels (three pairs in each bogie), about 163,500 
pounds on drivers, use steam at full stroke, and carry a boiler pres- 
sure of 140 to 160 pounds. They are said to consume nearly double 
the amount of fuel and water used by tbe consolidation engines. I 
would not bring this data to your notice but for the fact that there 
is existing much misconception as regards the merits of the double- 
bogie engine. It has been very extensively puffed in all the railway 
countries of the world, and its pseudo inventor has declared among 
the leading railway men of London that the Mexican Railway could 
not be worked without the use of his engine. I am not a builder 
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of engines or interested in any locomotive works, nor have I any 
petty jealousy, prejudice, or interest to gratify against man or thing. 
My desire is to lend my efforts to the development of truth and the 
progress of the age in which we live, and in which railways are now 
playing so important a part. Whoever can add a new point and 
prove it, and whoever can show an error in practice in railway econ- 
omy, will have done something for the general good and benefit, not 
only for his own people, but all people. 

It has been said by some English writer that ^^ the utilization of 
refuse is the measure of civilization." 

I would say that the cost of carrying a ton of goods a mile, and a 
passenger a mile, is the true measure of railway progress and rail- 
way economy. 

If national reports and railway official reports are to be relied upon 
there is plenty of evidence in print to show that there is not a coun- 
try in the world having railways where the economy of transport of 
goods and passengers has been so thoroughly worked out and per- 
fected as it has in these United States. In investigating the truth 
of this assertion the difference in different countries of the price of 
fuel, labor, and iron must be equated, but the difference in some 
countries is so glaring that it is not necessary to analyze the causes 
and make allowance for the great cost of labor and iron in this 
country. In Mexico, where there is a large business, the charge for 
transport is nineteen cents per ton per mile, and but small profit, carts 
and mule trains compete with the railway for the traffic. In India, 
according to Lieutenant- General Sir Arthur Cotton the charge is 
three and one-half pence per ton per mile, equal to seven cents, and 
not one railway making the five per cent, guaranteed by G-overnment. 
In Buenos Ayres, where all the railways are in a flat, level country, 
one of the railway managers complains in his report that he can not 
make a dividend because he can not get the traffic away from the 
carts and the wagon trains. In this country there is much excite- 
ment in the great agricultural districts of the West and a regular 
howling among the " Grangers " because the railway companies will 
charge them one and one-half cents per ton per mile, and then make 
seven and eight per cent, on well watered stock. When great differ- 
ences are found to exist in different countries in the way of doing 
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things, and in the economy resulting from one way over another, it 
is nothing hut proper to try and dive into the reasons for these dif- 
ferences. In looking for the cause of the superior economy of the 
American railway system, we will, I think, look in vain if we expect 
to find it in the skill of the workmen, or the superiority of the ma- 
terials used, for the English workman has a marvelous skill of hand, 
and most of the iron and steel we use on railways comes from Eng- 
land, having its cost largely added to hy freight and duties. Whence, 
then, can come the cause which provides for our carrying a ton a 
mile for one and one-half cents with a good profit, and a fair chance 
of seeing this price reduced, hut from the hrains of those who are 
the designers, the constructors, and managers of this wonderful, ex- 
tensive, and eminently successful system of railways, that is like a 
network over the whole country. The gentlemen of the Master Me- 
chanics' Association are entitled to a large share of the credit due 
to this grand result, and I earnestly hope that some of the railway 
companies and some of the great railway magnates will be able to 
see and appreciate the labors of your Association and acknowledge 
it in a substantial way, so you can make your Association more and 
more useful every year. The railway companies should consider 
that the labors of this Association are chiefly for their benefit and 
the proper conservation of their property ; they should understand 
that there are many points in connection with railway economy that 
have never yet been settled or thoroughly experimented on ; that 
some of these experiments are costly, and beyond the financial reach 
of your Association and the limited time at the disposal of the 
members. 

I have an idea that the railway interests of this country should, 
and I think they would if the matter were placed before them in its 
proper light and importance, place at the disposal of the Associa- 
tion the funds required to make investigations, tests, and experiments 
on such questions as are in doubt, and such matters as are connected 
with railway economy and not yet settled. I ani satisfied that the rail- 
way companies would readily see, if the subject were properly brought 
to their attention, the vast amount of money that might be saved in 
the maintenance of their railways if certain questions were submit- 
ted to thorough practical experiment and scientific examination by 
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competent men whose brains are free from prejudices and precon- 
ceived notions which they wish to prove or disprove, and who have 
at their disposal the necessary apparatus and facilities. It has been 
proposed to establish, in connection with the Stevens Technological 
Institute, a laboratory containing a full apparatus for testing and ex- 
amining practically all questions connected with mechanical arts and 
sciences. It is to be hoped that this project will not be allowed to 
die out. The railway companies should foster and promote it, and 
make it the head-quarters of all examinations in railway matters, a8 
well as all other mechanical matters. I consider the Stevens Insti- 
tute just the place for these investigations to be made, and for the 
following reasons : 

1. It is the only institute in this country devoted to Mechanical 
Engineering. 

2. It has a most accomplished body of professors, who have prac- 
tical knowledge as well as scientific. 

3. It has already a fine laboratory, containing as good, if not the 
best philosophical, chemical, and scientific apparatus that exists any- 
where. 

4. It is near to New York, the great metropolis of the country, 
where many questions in connection with mechanical arts and sciences 
would naturally center. 

5. It is easily and cheaply approached from all quarters. 

6. It is frequently visited by the mechanical engineers, inventors, 
and ingenious thinking men of the country. 

Nothing is required but a little more room, a testing yard, and 
special tools and instruments. Those required to be added to their 
present superior collection of instruments are costly. Some of the 
examinations and experiments must be made on the lines of railways 
by permission of the railway companies and the use of portions of 
their rolling stock. A series of experiments and examinations were 
made about twenty years since on the London & Northwestern Rail- 
way, in connection with fuel consumption, by Messrs. Wood and 
Marshall, which were very interesting, and as far as English rolling 
stock is concerned, exhaustive, but the reports are private, and never 
reached the public. I have a set of these reports. Two winters 
since theJUnited States Government made an appropriation of $25,000 
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toward farnishing a powerful testing machine for the use of the 
American people. This appropriation was put into the hands of the 
United States Ordinance Corps. Nothing has resulted from it yet 
that I know of. If the Stevens Institute is selected as the proper 
place for such examinations as are required in mechanical arts, the 
Government would, I think, locate this machine at the Institute. 
Other costly and valuable machines are required, and would in time, 
through the influence and assistance of railway companies, find their 
way to the same location, and render good service in mechanical 
sciences. A good, reliable, efficient and powerful dynamometer, to 
measure the tractive force of locomotives and the resistances of cars 
of different build with different loads at different speeds, and differ- 
ent length of trains with equal tonnage, on tracks varying in gauge 
and gradients, and on curves of different radii, and having different 
elevations of outside rail, is most required. We know pretty well 
what the resistances are of American rolling stock in good condition 
on straight lines, but we have little or no d|ita derived from practical 
experiments of the resistances of loaded cars on curves of different 
radii at varying speeds. Without this knowledge is fixed more defi- 
nitely than has yet been done, engineers are at a loss in locating 
railways to know how to equate gradients and curves so that the line 
shall be a line of economy when worked. As long as the railways 
were built with curves of large radii, as many railways here are, this 
matter was not of so much importance, but now, when we are called 
upon to build difficult lines with curves of 300 feet radius, this mat- 
ter of resistances on curves becomes an important element to under- 
stand, not only to the engineers who construct the road, but also to 
the engineer who builds the engines and the engineer that has charge 
of their operations. I have been for over a quarter of a century 
connected with building some of the most difficult lines ever at- 
tempted, and I am glad to say that on these lines the American 
engines have exceeded my expectations, and proved their superiority 
on every point of merit — great utilized tractive power, small distress 
to the permanent way, economy of repairs, durability and efficiency 
under the most trying conditions of climate, snow storms, rough 
track on the breaking up of frost, and at great elevations — over 
all other engines built in other countries. The builder and great 
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advocate of the double-bogie eDgine proclaimed to the world a short 
time since that his eDgines had proved to be an eminent success in 
Russia. The recent order of the Councilor of Commerce in Rus- 
sia to have eighty locomotives built in this country looks as if the 
double-bogie engine was not such a great success in Russia as was 
claimed for it. 

In the matter of getting at reliable results from practical experi- 
ments, we owe a great deal to the English for their many extensive, 
costly, and valuable series of experiments. The experiments made 
by De Pambour, by Lardner & Woods, by De la Beche & Playfair, 
by Rennie & Morin, by Fairbairn, Rankine, Kirkaldy, Beattie, and 
the Commission appointed by the Government to examine into the 
uses of iron for railway structures, are all of the very first order, and 
most valuable to engineers. They could hardly be otherwise, as 
they were conducted by men of genius and great ability who were 
in search of the truth. I have now before me a series of most val- 
uable experiments made. by Captain White, Royal Engineer, under 
orders from the Grovernment, on the Bhore Ghaut Incline in India, 
to determine the co -efficient of friction of brake power on that in- 
cline, which is one in forty, equal to 132 feet per mile. These ex- 
periments were conducted in a masterly way, and no doubt resulted 
in their being able to determine on rules to govern and control the 
trains in descending this long incline of the Great India Peninsula 
Railway, where trains had in a number of instances got beyond con- 
trol and rushed down the incline to destruction, unless they were 
caught in the " catch-sidings " built for the purpose. I might mention 
in connection with this, that in English practice it is not customary 
to put brakes on the passenger cars, but to depend on brake-vans at 
the rear of the train. In working the Ghaut Incline, passenger 
trains hook on four to six loaded brake vans and haul them up the 
incline, to be used by the next train coming down, to control the 
speed. These vans represent forty per cent, of the weight of the 
train, and yet trains do sometimes get beyond control, and 'run 
away. Some years since a passenger train got beyond control on the 
Thull Ghaut rushed past the reversing station at a speed of seventy 
miles an hour, went through the stout bufi*ers at the end of the Y as 
if they were chips, and made a clear jump of seventy- five feet, kill- 



289 

ing every person on the train. A similar accident happened on tke 
Shore Ghaut. This brake-van system would hardly satisfy Amer- 
ican practice. In Peru and Chili, where we are working long gradi- 
ents of four per cent., equal to 211 feet per mile (and on some roads 
there are long gradients of five per cent. — 264 feet per mile), we 
have not experienced any difficulty in holding and controlling the 
trains in descending the mountain slopes, where the inclines are full 
of sharp curves of 350 feet radius, but we never combine this min- 
imum curvature with any gradient steeper than three per cent. (158 
feet per mile). In one instance we have a viaduct of four spans, 
one of the piers being 252 feet high, with a gradient of three per 
cent, on top, and a curve of 350 feet radius close to each end; this 
road has sixty-one tunnels in it, one being on the summit at an ele - 
vation of 15,722 feet above the sea, You will be pleased to know 
that on another line in the south of Peru we succeeded in com- 
pleting, in December last, a line of railway over the main ranges of 
the Cordilleras, and terminated it at Lake Titicaca, an inland sea 
nearly 12,000 feet above the ocean. The summit of this railway is 
14,666 feet above the sea. The engines that work these railways were 
all built in this country, and I am glad to say are giving great satis- 
faction. They are all Mogul and ten-wheeled engines, with 75,000 
to 77,000 pounds on the drivers, and can haul 130 tons up the gradi- 
ents of 211 feet per mile with certainty and ease, using steam of 125 
pounds. An English engineer, who was present at the Government 
test of engine power, wrote me that .the engines exceeded all expecta- 
tions — that they were particularly remarkable on the sharp curves, 
which they rounded with the smoothness of a velocipede. 

I intended to write answers to some questions asked in printed 
circulars from different Committees of the Association, but I have 
delayed this until I suppose it is now too late. I will merely express 
an opinion on some points, and would like to know the opinion of 
others. 

The chief point I would bring to the attention of the Association 
is the treatment of engines by engineers — the general practice, and 
the rules laid down for their guidance. I see in the discussions of 
former years that there are some members of the Association who 

have a very poor opinion of steel as a material for fire boxes. I 
19 
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should like to see this matter thoroughly investigated to prove 
whether steel as a metal for fire boxes is poor, or if the treatment of 
steel fire boxes is poor. You have shown in one of your reports 
that certain steel fire boxes, made when steel was first used for the 
purpose, had stood a service much greater than that of any fire box 
made of copper or iron. If very superior results were obtained when 
steel was first used, why can not the same be obtained now ? From 
investigations I have made, and from the knowledge I have of the 
nature and quality of steel, I am convinced that steel is by all odds 
the best material for fire boxes, and that when steel fire boxes are 
properly made by experienced workmen, and the sheets properly 
annealed to take all undue strains out of them before riveting, there 
need be no fear for their safety, endurance, and economy if properly 
handled. I fear that the difficulties of sheets cracking complained of 
by some Masters of Motive Power is due to bad treatment, treatment 
that changes the character of the steel, and makes it, from being soft and 
ductile, hard, brittle, and crystalline, it is then ready to crack when 
struck, and sometimes does crack without being touched. My impres- 
sion is that this chemical and physical change in the steel is produced 
entirely by blowing off the engine while hot, and allowing it to stand 
in currents where it cools quickly ; also from a pernicious practice I 
have seen of throwing a bucket of water in a fire box to put out a 
fire. There is not a fire box of any kind that would not be injured 
and eventually ruined by such practice — there is not a steel fire box 
in existence that would not be soon brought to ruin by this kind of 
treatment. The best kind of treatment to give to all engines, and 
particularly engines with steel fire boxes, is to let them cool gradu- 
ally with all their water in them and with fire door and dampers 
closed, and as much done as possible to prevent rapid radiation of heat. 
Now, how close can we come to this. The members of the Associa- 
tion can determine this better than I can. I think some will say 
this is impossible with the bad water we use, and the frequent blow- 
ings off that become necessary, we would require double the number 
of engines we now have. I do not say that the matter of never 
blowing off while hot can be attained, but I do say that the injury 
resulting from blowing off hot can be proved to the satisfaction of 
any one ] that the matter can be kept in mind and carried out in 
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practice as far as possible ; and that the frightful practice of throw- 
ing buckets of cold water in fire boxes of any kind can and should 
be put a stop to ; and that when an engine is blown off hot it can be 
run out of cooling currents, it can have its fire door and dampers 
closed, and as much as possible prevent currents of cold air being 
drawn through the fire box and flues. 

There are but few engine men, I suppose, who have not seen the 
evil effepts produced in a short time by opening the fire door of a fur- 
nace when the fire was in great activity, and letting a cold current 
strike against the tube sheet. We all know that if a cast-iron car 
wheel is taken from the mold soon after being cast, and thrown on 
the surface to cool, it will be worthless and break the first tiifie it is 
used; a cast-iron cannon is the same-r— worthless if not cooled 
very slowly. I beg you to excuse me for saying so much on this 
subject; I may be saying what all know and appreciate — namely, 
the importance of using good water ; the importance of blowing out 
as little as possible ; the importance of never blowing off hot when 
it can be done cold ; the importance of never overworking an engine, 
if economy is an object in managing the motive power of the rail- 
way. 

Having been for a long time convinced of the poor character of 
many of the steam-pressure gauges made in this country ; that all of 
them become weak in time ; that those which are sold at the lowest 
price are the most patronized, without much regard to real value or 
reliability ; and knowing the importance of a good and true gauge, 
particularly in working difficult lines ; and believing that a reliable 
test gauge would be a valuable instrument for every Master of Mo- 
tive Power to have in his office, I submitted the matter with draw- 
ings of a test gauge to Mr. D. P. Davis (a manufacturer of a superior 
steam -pressure guage), with a request that he would manufacture for 
me a test gauge that should not depend on a spring ; that should be 
accurate and reliable ; that should not occupy much space ; that 
should not easily get out of order, and that should not exceed in 
price a sum that would allow of its coming into general use. Mr. 
Davis has spent much time, ingenuity, and money, in the production 
of a reliable test gauge. His first efforts were not attended with suc- 
cess, finding it impossible to make the work so accurate that the 
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liquid used to transmit the pressure would not, at high pressures, get 
between the plunger and the walls of the cylinder, he has by the in- 
troduction of a small india-rubber diaphragm at the foot of the 
plunger and between it and the pump, cut off all connections of the 
liquid and the plunger, and succeeded in making a reliable test 
gauge which depends on levers, knife-edges, and standard weights, 
the lever being graduated directly from a mercury column. I be- 
lieve that this test gauge meets the conditions named above, and that 
it will supply an important want in the office of Master Mechanics. 
I hope that Mr. Davis will bring his instrument to the attention of 
the Convention, and that it will meet with the patronage I think it 
deserves. 

It strikes me that there is another want not yet supplied in work- 
ing our railways. It is a small book containing rules and regula- 
tions for the guidance of engine men ; in the running and conserva- 
tion of engines, particularly as regards reversing suddenly ; starting 
with a jump ; oiling without waste ; the evil effects of sudden changes 
of temperature ; accuracy in setting valves and the adjustment of all 
working parts ; making steam joints, and packing, priming, and in- 
crustations — the evils of, and how to remedy them ; the conversion of 
fuel into heat-producing gases ; the transmission of heat j the care 
required in descending steep gradients ; how to meet difficulties that 
may occur, and many other points. I think that a small book of this 
kind, written in such a way that any man of intelligence can under- 
stand it, got up and approved of by a committee of your Association 
appointed for the purpose, would result in much good to railway in- 
terests. I would not bring this matter to your attention but for the 
fact that I have seen valuable and costly machines intrusted to men 
who were utterly ignorant of how to handle them with care and 
economy. There is, besides costly machines, more responsibility of 
life and limb intrusted to engineers than to any other class in the 
country. If we would pay more attention to their education and 
social condition we would have to pay less for work done in the 
repair shop. One of the great works of this country takes just 
pride in showing that one of their engines had run 153,000 miles 
without being lifted from its wheels. I find by the reports of the 
Pennsylvania Railway for 1872, that one of their engines No. 133, 
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ran 83,820 miles in the year; this is nearly 230 miles a day for 
every day in the year. I wonder how many miles their engines 
would have run if they had been in the hands of slip-shod, 
dram -drinking, half-educated engine men. Many little things that 
can be easily and quickly learned, if properly taught, are left to 
men to find out the best way they can. I speak from experience ; 
for in the early days of my engineering career I was left, for years, to 
find out by myself certain points in th^ adjustments and optics of 
mathematical instruments that could have been taught to me in a 
few minutes by an experienced man, or by a small book of rules and 
instructions. 

I notice that otie of the circulars calls for the consumption, kind, 
and cost of fuel per mile, and weight of train hauled on different 
roads. To make comparisons of engine performance, and fuel burnt 
on different roads, with different gradients and curves, different 
speeds and climate, is a very difficult thing to do. It appears to me 
that the best way to obtain data that will be of value to your Asso- 
ciation would be for each railway to find out the " foot-pounds " of 
work required to carry a ton over each mile of their railways, in 
each direction at different speeds, to make a table of these amounts 
for eauh . mile, and totals for divisions, and for the whole road, and 
arrange them so that quantities can be taken from the table easily 
to represent the work done by any train at any average speed. 

One of your circulars refers to supplying water-tanks, and the use 
of windmills. I beg to bring to your attention the importance of 
windmills and the economy resulting from their use. I have used a 
number of pumping windmills made by the Empire Windmill Co., 
of Syracuse, and have in every instance been very well satisfied with 
their performance ; they are not costly or difficult to erect. I have 
one at my country place, which has been in use about six years; it 
has cost nothing for repairs; I use it to pump water from a deep 
well into a reservoir in the top of my house; it generally gets 
hrough with its day's work in an hour, when it is stopped. I had 
globe oilers attached to each journal, which provides good lubrication 
without care for about a month, when my coachman cleans journals 
and oilers, and fills them. This mill will work sometimes when the 
currents of air will hardly disturb the leaves of the trees. It is at 
the op of a yellow pine timber 54 feet high, held in position by 
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guys. If at any time it is required, these windmills can be unhooked 
and the pumps worked by ordinary hand-brakes. 

I would recommend the use of submerged pumps, which do not 
depend on packing. 

It appears to me that the Bray ton Ready-Motor will come in play, 
and render good services at water-stations, as soon as the inventor 
will make it double-acting and capable of keeping its lamps lit when 
the engine is stopped. It will, I think, be a proper and economical 
engine to apply to such small cars as are now used on railways and 
run by hand for the following reasons : It has no boiler ; it can be 
run by any man with a few minutes' instruction ; it is not heavy or 
complicated ; it can be set in full motion and power within fifteen 
seconds after its fire is lit ; it is a gas and air engine ; it can make 
its own gas from a can of napthaline standing by it ; it can produce 
a horse power at about the same price it costs to produce the same 
with a steam engine ; when it is turned off, all expense stops, as a 
considerable amount of heat is produced by burning the gas ; this 
heat might be all saved by carrying the exhaust-pipes of pumping 
engines through and coiled in the water reservoirs at stations. 

Heating water at stations by fires built expressly for the purpose 
is a matter worthy of consideration in studying the economy of 
motive power, particularly in cold climates during the winter season. 
At all stations, rooms for various purposes are required, which are 
heated by stoves in winter. These rooms might be under water 
reservoirs, with coils of pipe running through the water and around 
the fire in the stove, as Perkins builds his water-heating apparatus 
in London. This water-pipe is a continuous coil with no ends or 
openings; it is filled with water; the same water circulates in it 
from one end of the year to another, taking up increments of heat 
in passing through the coil in the fire, and giving them out when it 
passes through the coil in the water. I have seen these pipes in 
Perkins' works in London under pressure of 2,000 pounds to the 
square inch. I have seen Perkins' men, in making portable ovens 
for the English army, take gas-pipes 13 feet long, weld up one end, 
put three pints of water in it, and then weld up the other end — a 
series of these pipes forming an oven, the section being like that of 
a gas retort. It appears to me that heating water at stations might 
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result in more economy than at first sight is evident. It must be 
recollected that the furnace of a locomotive is an expensive struc- 
ture ; that its life might be measured by the units of heat passed 
through it ; and that every unit of heat that we can give to the 
water before it goes in the boiler is so much saved, and the distress 
to the furnace so much reduced. In examining the matter of hot 
water engines (engines to be run without fires) for the Central 
Underground Railway of this city, so as to get rid of carbonic acid 
gas in the tunnels and provide good ventilation, I was astonished to 
find how heat could be stored in water and held subject to draft. I 
send with this a copy of that report.* As some of the figures may be 
interesting to members of the Association, they will be found in 
Appendix A. You will see that I propose to use pressures of 500 
pounds to the square inch in the boilers. I would not propose this 
except under very extraordinary conditions, such as are met with in 
an underground railway with very few openings, and requiring very 
many large trains to be run at short intervals of time. 
I am, dear sir, yours most sincerely, 

W. W. EVANS, 
Associate Member M, M, Association, 

Mr. White, Evansville & Crawfordsville Kailroad — There was a little 
mistake made by the Secretary in reading that report on Water Supplies. I 
have not had an opportunity to confer personally with either of the members 
of the Committee, and the latter part of that was written out hastily, and I 
concluded I would not have it read — that is about the page read last. Last 
night I wrote a few lines recommending that the subject be laid over, and a 
new committee appointed to continue it. I would like Mr. Setchel now to 
commence, read back a little, and then to read a little pencil sketch I gave 
him yesterday. 

Mr. Setchel, Little Miami Kailroad — By way of explanation, I will say 
that what Mr. White has stated is correct. By accident I omitted that part 
of the report written on a separate piece of paper in pencil. The latter part 
of the report was left out and not signed, because, as he states, of not being 
submitted to the rest of the Committee. The part in pencil being lost I can 
not comply with Mr, Whitens request. The report is referred back to the 
Committee. 



* See Engineer's Report of New York City Central Uq^-ground Railway, Appendix 
A. — Seob£tabt. 
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The Pbesident — ^The report of the Narrow and Broad Gauge Boiling 
Stock Committee is now in order. 
The Secretary then read the report, which, on motion, was accepted. 

Report of Committee on Narrow and Broad Gauge Boiling 

Stock. 

To the American Railway Master Mechanic*^ Association : 

Gentlemen — ^Your Committee on the subject of Narrow and 
Broad Gauge Rolling Stock, beg leave to report that they framed 
the following questions, which were submitted to the various Master 
Mechanics of the Association, requesting answers : 

1. What is the gauge of your road ? 

2. What is the diameter of cylinders, length of stroke, number 
and diameter of driving and truck wheels, and gross weight of each 
class of engine on your road? 

3. What is the gross load hauled by each class of engine (in- 
cluding engine and tender), pressure of steam, point of cut-off grades*^ 
curves, speed in miles per hour, also the dead weight carried per ton 
of paying weight in each case ? Give also the kind of tires, plain 
or flanged, and their position on the engine. 

4. What is the weight of each class of freight cars, four and eight 
wheeled, and the loads they actually carry? Give weights and loads 
carried by each class. 

5. Give also the cost of repairs of engines per mile. 

The substance of the replies received are embodied in the sheets 
accompanying and forming part of this report ; they have also in- 
cluded a column showing the comparative tractive power developed 
in each case as compared with the dead weight of engine and tender. 
Engine frictions are taken at eighteen pounds, and tender and car 
frictions at eight pounds per ton. 
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Mr. Hudson, Kogers Locomotive Works — Mr. President, I wish to say a 
few words in regard to that report. While the dead weight of the cars on 
the narrow gauge is generally less than it is on the ordinary or standard 
gauge, there are individual cases where it is less on the standard than on the 
narrow gauge. So also of the power of locomotives in proportion to their 
weight. The lowest or the one showing the greatest amount of eflBciency in 
proportion to its weight is on the standard gauge ; therefore there is nothing 
to say in favor of the narrow gauge, but rather against it. It will be noticed 
that the speed on the narrow gauge is from ten to twelve miles per hour, 
while on the ordinary gauge it is from fifteen to thirty and thirty-five miles 
an hour. Of course, the circumstances being very different you can hardly 
n^ke a fair comparison ; and the column in the report, showing the tractive 
power of the engine in its operation with dead weight, is in order to afford a 
better standard of comparison. Where engines are worked under various 
circumstances of speed and curves you have hardly anything with which you 
can make a fair comparison. You need to reduce them to one kind or 
standard in order to compare them, and there is a column carried out in 
that paper which will enable persons to arrive at a definite conclusion. I 
had written some remarks that I intended to inflict upon the Association, but 
as the time is late I will not offer them. 

Mr. Spraoue, of Pittsburg — Mr. President, inasmuch as narrow gauge 
roads are in their infancy, and as we have started out to get information in 
regard to the construction of the rolling stock, we have had considerable to 
contend with and we have failed to get reports from two of the oldest narrow 
grange roads in the United States — having a report only from two roads, one 
of which has an exceptionally heavy grade and curves. Consequently, our 
report is very imperfect and does not give a fair showing of the results of 
narrow gauge roads. 

Mr. Hudson, Rogers Locomotive Works — Mr. President, I might be al- 
lowed to state further, in regard to a statement that I believe was made in 
our last Convention, to the effect that narrow-gauge roads were far better 
than ordinary gauges, and that locomotives could be built to do the same 
work far cheaper on narrow gauge roads than they could on ordinary 
gauges. Well, I take exception to that, not only as a locomotive builder but 
as a locomotive engineer. In my practice in building locomotives I think 
I have built as large locomotives for the narrow gauge as have been built. 
For instance, engines with cylinders fifteen by eighteen, and six thirty- 
six inch wheels, on a two foot six inch gauge; and I have also built one 
form of locomotive having a cylinder three and one-half feet by ten inches^ 
and drive wheels of thirty inches, with four feet eight and one-half inch gauge. 
I think there is variation enough to show that light stock can be made for the 
ordinary gauge. We can make as light engines and cars, and put down as 
light rails for an ordinary gague as we can for a narrow gauge. Now, the 



Festenock road, the oldest road in Wales, is held up as a pattern of all these 
gauges in England, yet the expenses of working the road is double what it is on 
most ordinary gauges in England. That road is held up as a sample of the 
narrow gauge. In the distance of two feet around curves the outward rail is 
raised three inches, to enable them to get around without haying the cars 
turn over. 

Mr. Jackman, Ciiicago, Alton & St. Louis Railroad — Mr. President, I wish 
that we had the time to discuss this matter, but I will detain yoa only a 
moment. I hardly believe that it is the sense of this Association that the 
narrow gauge can be worked cheaper than the four feet eight and one-half 
gauge, doing the same business, at the same rate of speed. 

Mr. Sprague, of Pittsburg — Mr. President, I would say that I am vei^ 
sorry we can not get this subject before the Convention another year as a 
subject for debate. 

Mr. Forney, Railroad Gazette — Mr. President, I would like to say to Mr. 
Sprague that it is entirely in order for him to move the continuance of the 
subject, if he desires it to be continued. Of course, it is right and proper that 
he should make such a motion. I do not want the onus of suppressing this 
subject. 

Mr. Sprague, of Pittsburg — Mr. President, I would say that I can not 
see that the members of the Convention take a very decided interest in the 
matter. I attempted to prevail on Mr. Hudson to continue on the Commit- 
tee another year, and not to report this year, so as to get some results to make 
a report with that would be satisfactory, but he did not choose to continue 
on the Committee for another year, and as it was getting late, I knew it would 
take time to reorganize the matter. 

Mr. Forney, Railroad Gazette — I would then, Mr. President, move tha* 
the subject be continued. 

Mr. Jeffrey, Illinois Central— And referred to the same Committee. 

The President — It can not be done if one of them has resigned. 

Mr. Hudson, Rogers Locomotive Works — Mr. President, I will state this 
much : Mr. Sprague came to me and stated we had better not report at all 
until next year, and he wanted to know if I would like to do so. I said no ! 
If the Association don't choose to receive the report, they must not continue 
me on the Committee. Now, if they choose to have a committee appointed to 
take the subject into consideration for another year, I have nothing to say about 
it; but I say, when you appoint a Committee, and they take pains to collect 
information, and come here to tender it, I think it is nothing but right that 
it should be received. You can say you wonH receive it, if you choose, but 
I think that is hardly fair. 

The President — I will place the gentleman right, as I see there is a 
misunderstanding. The report has been received already and ordered 
printed some time ago. Now, there is another motion before the Convention. 
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Mr. Hudson, Kogers Locomotive Wdrks — Mr. President, I understand 
that ; but I merely stated what I have in explanation, or in reply to what 
Mr. Sprague said about my refusing to serve on the Committee. I did refuse 
to serve if the report was not received. 

Mr. Lilly, of Indianapolis — Mr. President, I consider that the report con- 
tains very valuable information, and I, for one, would like to see it printed. 

Mr. Sprague, of Pittsburg — Mr. President, I simply took the course I 
did in order to save time of the Convention. I am aware that the report is 
very imperfect; we could not get the information we should have, or what 
we could get, in another year. As far as I was concerned, I was willing to 
say to the Convention that the report was imperfect, and to save the time 
that would be occupied in reading the report move that it be referred to the 
Committee on that subject for the next year. 

The motion that the subject of the Narrow and Broad Gauge Boiling Stock 
be continued, was carried. 

The President — As one of the Committee has withdrawn from our Asso- 
ciation, there will be another one appointed in his place. 

The Secretary then read the report of the Committee on the application of 
Dr. Bogers, for Associate Membership, which report was accepted. 

To the American Railway Master Mechanics^ Association : 

Gentlemen — We, the Committee to whom was referred the peti- 
tion of Dr. Joseph G. Rogers, for Associate Membership in our As- 
sociation, beg leave to report favorably on his application. 

BEUBEN WELLS, ) 

CHABLES B. PEDDLE, [ CommiUee. 
EDWIN GABFIELD, J 

On the ballot of the Convention, Dr. Joseph G. Bogers was admitted as an 
Associate Member. 

The President — Gentlemen, the applications of L. D. Bartlett, of Fitch- 
burg, and Edward Harrington, of Philadelphia, whose names were pro- 
posed last year for Associate Membership, were laid over for one year. 
What action will you take upon them? 

Mr. Sprague of Pittsburg — Mr. President, I am not particularly acquainted 
with the gentlemen ; but from what I know of one of them, although I 
think a great deal of him as a man, I do not think he is a proper man for a 
member of this Association. I think we ought to go against too many Asso- 
ciate Members. 

On motion, the applications of L. D. Bartlett and Edward Harrington 
were laid on the table for one year. 

The President — The next business in order, gentlemen, is the election of 
officers. The first step in the election is the appointment of two tellers. 
20 
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I will appoint for such tellers Mr. James Sedgely, of the Lake Shore Kail- 
road, and John Thompson, of the Eastern Bailroad. The C!onstitutIon pro- 
vides that the officers shall be elected for the term of one year. The mem- 
bers will now prepare their ballots for President, for the ensuing year. 

Mr. Jackman, Chicago, Alton & St. Louis Bailroad — Mr. President, I 
would suggest, if it is legal, that the same officers who have been in office for 
the year past, be continued for the next year. 

Mr. FELiiOWS, Lake Shore & Tuscarawas Valley Kailroad — ^I think, Mr. 
President, we can overcome any legal objection by making a motion that 
Mr. Jackman cast the vote of this Convention, for the election of its present 
incumbents to the same offices for the ensuing year, if that can be done. 

Mr. Jeffrey, Illinois Central Bailroad — I move that we postpone the 
election of officers for one year. 

Carried. 

Mr. BoBiNSOK, Great Western Bailroad — Mr. President, I beg to oflTer the 
following resolution : 

Resolved, That the thanks of this Association be presented to the Chicago 
Committee and others, who have contributed so courteously and liberally to 
the entertainment of ourselves and lady friends. 

Carried. 

Mr. Wells, Jefferson ville, Madison & Indianapolis Bailroad — Mr. Presi- 
dent, I have the following resolution which I wish to offer : 

Resolved, That the special thanks and appreciation of the Association be 
tendered to the proprietors of the Sherman House, for their attention and 
courtesy in connection with the requirements and necessities of the members 
of the Association, and their lady friends. 

Carried. 

Mr. KoBiNSON, Great Western Bailroad — Mr. President, I beg to recom- 
mend that the same Committee who shall act as Supervisory Committee, shall 
act as Printing Committee, as there is very little now to be done by the 
Printing Committee, in consequence of the Secretary having a report, em- 
bracing nearly all the subjects coming under that head, and as that 
comes under the supervision of the Supervisory Committee I think that the 
Printing Committee and the Supervisory Committee should be the same ; so 
that all that is necessary to be done, I think, ^r. President, is to appoint the 
Supervisory Committee, covering the duties of Printing Committee also. 

A motion providing that the Supervisory Committee be empowered to 
attend to the Printing, and that they consist of officers of the Association, 
was carried. 

The President then announced the following as the new Committees, and 
those holding over for the ensuing year : 



\ 
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COMMITTEES AND SUBJECTS FOB M DISCUSSION AT 
THE EIGHTH ANNUAL CONVENTION. 

1. 

The Best Material, Construction, Operation, and Management 

of Locomotive Boilers. 

J. M. BOONE, Pittsburg, Ft. Wayne & Chicago ; 

J. A. JACKMAN, Chicago, Alton & St Louis ; 
aw. CUSHINa, Chicago. 

2. 

Purification of Feed Water. 

Committee to report what methods, up to this time, have been most 
approved for the improvement of feed water by chemical and mechan^ 
ical means, and for the prevention of incrustation. 

H. A. TOWNE, Northern Pacific ; 

COLEMAN SELLERS, Philadelphia; 
BL ELLIOTT, Ohio & Mississippi ; 

WM. WILSON, Chicago, Burlington & Quincy; 
H. V. PARIES, Atchison, Topeka & Santa Fa 

3. 
Locomotive Tests. 

This Committee to request members to make^experimental teste to 
show the performance of locomotives, and to report the results to this 
Association. 

M. N. FORNEY, Railroad Gazette; 

R. A. THURSTON, Stevens' Institute ; 

W. WOODCOCK, Central, of New Jersey. 

4. 
Locomotive Construction. 

This Committee to report, as far as possible, all new methods of con- 
struction which have been adopted by members during the past and 
coming year. 

J. SEDGLEY, Lake Shore & Michigan Southern; 

L. S. YOUNGr, Cleveland, Columbus, Cincinnati & Indianapolis ; 
HOWARD FRY, late Erie. 
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5. 
The Best System of SignalB for Operating Bailroads. 

Subject to include train-head signals, train-tail and side signals, road 
or station-switch signals, and appliances for indicating the speed of 
trains. 

JOHN THOMPSON, Eastern; 

A. B. UNDERBILL, Boston & Albany; 

JNO. ORTTON, Great Western, of Canada. 

6. 

Loeomotive and Tender Wheels. 

This Committee to report breakages of wheels and tires, removals of 
tires, and cause of breakage or removals, and to report on the different 
methods of construction and manufacturing of various kinds of engine 
and tender wheels. 

J. N. LAUDER, Northern, of New Hampshire; 
G. W. STRATTON, Pennsylvania; 

S. A HODGMAN, Philadelphia, Wilmington & Baltimore. 

7. 

Construction and Improvements of Continuous Train Brakes 

During the Ensuing Year, and their Application 

to Cars and Locomotives. 

CHAS. R. PEDDLE, St. Louis, Vandalia & Terre Haute; 
F. GOULD, Missouri, Kansas & Texas ; 

GEO. RICHARDS, Boston & Providence. 

8. 
Lubricants for Locomotives. 

F. B. MILES, Philadelphia ; 

H. D. GARRETT, Pennsylvania; 

EDWIN GARFIELD, Hartford, Providence & Fishkill. 

9. 

Boiler Explosions. 

Committee to attend the experiments to be made by the Government 
in regard to boiler explosions, and to report to the American Railway 
Master Mechanics' Association. 
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Committee to attend experiments to be made at Sandy Hook : 

H. M. BKITTON, Cincinnati & Whitewater Valley ; 
A. B. UNDERHILL, Boston & Albany; 
H. L. BROWN, late Erie ; 

J. H. FLYNN, Western & Atlantic; 
THOS. KERR, Camden & Amboy; 

• W. A. ROBINSON, Great Western, of Canada. 

Committee to attend experiments to be made at Pittsburg or Cin- 
cinnati : 

H. M. BRITTON, Cincinnati and Whitewater Valley; 

REUBEN WELLS, Jeffersonville, Madison & Indianapolis ; 
CHAS. R PEDDLE, St. Louis, Vandalia & Terre Haute ; 
J. H. SETCHEL, Little Miami ; 

S. M. CUMMINGS, Pittsburg, Ft. Wayne & Chicago. 
N. E. CHAPMAN, Cleveland & Pittsburg. 

10. 

Standard Axl^s. 

M. N. FORNEY, Railroad Gazette ; 

COLEMAN SELLERS, Philadelphia; 
GORDON H. NOTT, Boston. 

11. 

Narrow and Broad Gauge Boiling Stock. 

W. S. HUDSON, Rogers Locomotive Works ; 

H. N. SPRAGUE, Locomotive Builder, of Pittsburg. 

H. G. BROOKS, Brooks' Locomotive Works, Dunkirk. 

12. . 

Machinery for Supplying Water to Tanks, Giving Descrip- 
tion of Engine, Windmill, or Device, with Cost 

of Working the Same. 

J. L. WHITE, Evansville & Crawfordsville ; 
J. H. FLYNN, Western & Atlantic ; 
HOWARD FRY, late Erie. 
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13. 
Meohanioal Laboratory. 

Committee to take into consideration the propriety of establishing a 
Mechanical Laboratory. 

W. A. ROBINSON, Great Western, of Canada ; 

REUBEN WELLS, Jeffersonville, Madison & Indianapolis ; 
J. M. BOONE, Pittsburg, Ft Wayne & Chicago ; 
N. E. CHAPMAN, Cleveland & Pittsburg; 

H. M. BRITTON, Cincinnati & Whitewater Valley. 

14. 

Finance. 

J. W. PHILBRICK, Maine Central ; 

THOMAS KERR, Camden & Amboy ; 

WILLIAM McAllister, West Jersey. 

15. 

Trustees of Boston Fond, Printing, and General Supervisory 

Committee. 

H. M. BRITTON, Cincinnati & Whitewater Valley; 
N. E. CHAPMAN, Cleveland & Pittsburg; 

W. A. ROBINSON, Great Western, of Canada; 
J. H. SETCHEL, Little Miami. 

16. 
Arrangements for Next Annual Meeting. 

H. G. BROOKS, Brooks' Locomotive Works ; 
W. M. STRONG, New York & Harlem; 
J. VAN Vi?l:CHEN, Erie. 

The President — Before we adjourn I want once more to appeal to the 
members to answer the circulars of the committees this year, and to answer 
them promptly. I know, from the reports that have been presented here, 
that very few replies to their questions have been given. It seerps as though 
we ought to start anew this year, and answer all the committee circulars that 
are sent out. 

Mr. Woodruff, Central Railroad, of Iowa — ^What time is appointed for 
next meeting? 
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The President — ^The Constitution calls for it to be held the second Tues- 
day in May. 

Mr. Jackman, Chicago, Alton & St. Louis Eailroad — Now, Mr. Presi- 
dent, as you recollect, over in the hall to-day I told you that for the future, 
if the higher powers would assist me, I would try and be faithful to the As- 
sociation, and that so far as these circulars are concerned I would answer 
their questions. I am determined, for one, for the year to come, to answer 
every circular that comes to me, and I hope all the committees will send 
them to me ; and I will furthermore promise that I will give them my best 
attention, and answer them to the best of my ability, and that my answers 
shall not be simply yes and no, but I will go into the discussion of the sub- 
ject and discuss it as fully as I possibly can. This I promise, for one. I do 
hot know how it is with the others, but I hope they will all do the same. 
Then when these reports come in which have cost the committee a great 
deal of labor, and embrace a great deal of very useful information, we want 
to discuss them most thoroughly before we print them and send them out to 
the world as our opinions. That is a thing necessary to be done, and I hope 
we shall do it. That was one reason why I did not want to send out this re- 
port on the Broad and Narrow Gauge. I do not believe this Convention wants 
to give it as its opinion that the narrow gauge railway, with the extreme nar- 
row gauge, can be run cheaper, and the transportation can be done better, 
more successfully with that than upon a gauge of four feet eight and a half 
inches. 

The President — Another request I would make, is, that each of the 
Chairmen of the committees will add to his circular the time by which he 
wants the replies sent to him, so that they will get their report written in 
time. * 

Mr. Hayes, Illinois Central Eailroad — Mr. President, I would suggest 
that the Supervisory Committee have circulars printed with the subjects, so 
that each of the Chairmen of committees can get his circulars out to the 
members early in the season. We can devote more time to the labor of an- 
swering these circulars in warm weather than we can in the winter. Last 
year I did not get them until about Christmas, and I did not have time, and 
hence I did not answer but few of them. 

The President — I will state, Mr. Hayes, that in all probability the cir- 
culars of the committees will be furnished very early this year on account of 
our getting our manuscript so early. It was not the case last year. I also 
wish to remind the Convention that we have had our proceedings very 
promptly and fairly reported in the press of this city, and I hope some ac- 
tion will be taken upon it. I hope, too, that next year we will not think best 
to have less than a four days* session — Tuesday, Wednesday, Thursday, and 
Friday. It crowds our business a little too much, and it is rather hard work 
for the committees to have so few sessions. 
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Mr. FoBNEY, Railroad Grazette — Mr. President, I move that a vote of 
thanks be tendered to the press of Chicago for the very excellent report of 
our sessions which thej have published. 

Carried. 

Mr. Spbague, of Pittsburg — Mr. President, I moye that we now ad 
journ. 

The Convention then adjourned. 
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CONSTITUTION 

AS AMENDED AT SIXTH ANNUAL MEETING, BALTI 

MORE, MAY 13, 1873. 



PREAMBLE. 



We, the undersigned, Railway Master Mechanics believe that the interests 
of the Companies by whom we are employed may be advanced by the organ- 
ization of an Association which shall enable us to exchange information upon 
the many important questions connected with our business. To this end do 
we establish the following 

CONSTITUTION. 

ARTICLE I. 

Section 1. The name and style of this Association shall be the Amebicak 
Railway Master Mechanics' Association. 

ARTICLE n. 

Sec. 1. The officers of the Association shall be a President, a First and 
Second Vice-President, a Secretary, and a Treasurer. 

Sec. 2. The above-named officers shall be elected separately, by ballot, at 
a regular meeting, and a majority of all votes cast shall be necessary to a 
choice. 

Sec. 3. The officers shall be elected for a term of one year, but in the 
event of the election being postponed shall continue in office until their suc- 
cessors shall be elected. 

Sec. 4. Two tellers shall be appointed by the President to conduct the 
election and report the result. 

ARTICLE in. 

Sec. 1. It shall be the duty of the President to preside in the usual man- 
ner at all the meetings of the Association, and approve all bills against the 
Association for payment by the Treasurer. 
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Sec. 2. It shall be the duty of the Vice-Presidents, according to rank, to 
perform the duties of the President in his absence from the meetings of the 
Association. 

Sec. 3. In case of the absence of both President and Vice-Presidents, the 
members present shall elect a President pro tempore. 

Sec. 4. It shall be the duty of the Secretary to keep a full and correct 
record of all transactions at the meetings of the Association ; to keep a record 
of the names and places of residence of all members of the Association, and 
the name of the road they each represent ; to receive and keep an account of 
all money paid to the Association, and at the close of each meeting deliver 
the same to the Treasurer, taking his receipt for the amount ; to receive 
from the Treasurer all paid bills, giving him a receipted statement of the 
same. 

Sec. 5. It shall be the duty of the Treasurer to receive all money from the 
Secretary belonging to the Association ; to receive all biljs against the 
Association, and pay the same, after having the approval of the President; 
to deliver all paid bills to the Secretary at the close of each meeting, taking 
a receipted statement of the same; to keep an accurate book account of all 
transactions pertaining to his office. 

ARTICLE IV. 

Sec 1. The following persons may become members of the Association by 
signing the Constitution, or authorizing the President or Secretary of the 
Association to sign for them, and pay the initiation fee of one dollar. Any 
person having cliarge of the Mechanical Department of a Hallway known as 
"Superintendents," or "Master Mechanics," or "General Foremen," the 
names of the latter being presented by their superior officers for mem- 
bership. Also, two Mechanical Engineers or the representative of each 
Locomotive Establishment in America. 

Sec. 2. Civil and Mechanical Engineers and others whose qualifications 
and experience might be valuable to the Association may become Associate 
Members by being recommended by three active members. Their names 
shall then be referred to a committee, which shall report to the Association 
on their fitness for such membership. Applicants to be elected by ballot at 
any regular meeting of the Association, and five dissenting votes shall reject. 
The number of Associate Members shall not exceed twenty. Associate Mem- 
bers shall be entitled to all the privileges of active members excepting that 
of voting. 

Sec. 3. Any persons who has been or may be duly qualified, and signs, or 
causes to be signed, the Constitution, as member of the Association, remains 
as such until his resignation may be voluntarily tendered. 

Sec. 4. All members of the Association will be liable for such dues as may 
be necessary to assess to defray the expenses of the Association, and any 
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member who shall be two years in arrears for annual dues shall have his 
name stricken from the roll, and be duly notified of the same by the Sec- 
retary. 

ARTICLE V. 

Sec. 1. The regular meeting of the Association shall be held annually on 
the second Tuesday in May. 

Sec. 2. Regular meetings shall be held at such place as may be determined 
upon by a majority of the members present at the previous meeting. 

Sec. 3. An adjourned meeting may be held at any time and place that a 
majority of the members present at any meeting may elect. 

Sec. 4. The regular hours of sessions shall be from 9 o^clock, A. M., to 2 
o'clock, P. M. 

Sec. 5. During the business sessions no communicationfl shall be received 
or acted upon other than those pertaining to the business of the Association. 

ARTICLE VI. 

Sec. 1. This Constitution may be amended at any regular meeting of the 
Association by two-thirds vote of the members present. 



Resolution passed at the Sixth Annual Meeting, Baltimore, May 1873. 

Resolved, That no expense shall be incurred by committees except by the 
unanimous consent of the General Supervisory Committee, given in writing 
to the Chairman of said committees stating the amount to be expended. 
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NAMES AND ADDRESS OF MEMBERS OF THE AMERICAN 
RAILWAY MASTER MECHANICS' ASSOCIATION. 



NAME. BOAD. ADDRESS. 

Anderson, H 51 Fifth av. Chicago. 

Anderson, J. H N. Y. B. & P. Rd Providence, R. I. 

Adams, G. Q Q. M. & P. Rd Kirksville, Mo. 

Alden, H. A C. C. & B & O. Rd Brockville, Ont 

Britton, H. M C. & W. V. Rd Cincinnati, Ohio. 

Brown, M. E Erie Rd New York City. 

Boone, J. M P. Ft. W. & C. Rd Ft. Wayne, Ind. 

Baer, R. B T. & N.O. Rd Houston, Texas. 

Bushnell, R. W B. C. R. & M. Rd Cedar Rapids, Iowa. 

Brastow, L. C L. & S. Rd Wilkesbarre, Pa. 

Bryant, Wm. H Ft. W. & C. Rd 103 Jud st., Chicago, 111. 

Brown, H. L Late Erie Rd Patersoh, N. J. 

Blackall, R. C A. & S.Rd Albany, N. Y. 

Boyden, G. E B. H. & E. Rd Boston, Mass. 

Burroughs, A. P M. & O. Rd Marquette, Mich. 

Brooks, H. G Brooks Locomotive Works. Dunkirk, N. Y. 

Brown, C. H West. Div. D. L. & W. Rd Utica, N. Y. 

Britton, A. W C. & W. V. Rd Harrison, Ohio. 

Blanchard, J. M 

CuUen, Wm C. H.& D.Rd Cincinnati, Ohio. 

Cooper, W.E Erie Rd Hornersville, N. Y. 

Chapman, N. E C & P. Rd Cleveland, Ohio. 

Cummings, S. M....P. Ft. W. & C. Rd Allegheny, Pa. 

Coolidge, G. A F. Rd Charlestown, Mass. 

Connell, Thos Box 488 Hornersville, N. Y. 

Clark, D L. V. Rd Hazleton,Pa. 

Cooper, H. L H. & St. Joe Rd Hannibal, Mo. 

Church, Foster T. & B. Rd Troy, N. Y. 

Colling8,E C. & A. Rd Camden, N. J. 

Colburn,R N. & W. Rd Norwich, Conn. 
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KAME. KOAD. ADDRESS. 

Calhoun, J. G > 

Cook, James Danforth & Cook's Locomotive 

and Manufacturing Co Paterson, N. J. 

Cushing, Geo Chicago, 111. 

Curtis, Kobert P. C. & St. L. Ed Columbus, Ohio. 

Crockett, Jno. F B. L. & N. Bd Boston, Mass. 

Clark, Peter N. E. R. of C Toronto, Can. 

Child, Frank D Hinkley Locomotive Works Boston, Mass. 

Casseaddin, R. 0....C. R. I. & Pac. Rd Trenton, Mo. 

DeClercq, A. H In. & G. N. Rd Hearne, Texas. 

Devine, J. F W. & W. Rd Wilmington, N. C. 

Drippes, Isaac P. Rd ...Altoona, Pa. 

Davies, D. T V. & M. Rd Fitchburg, Mass. 

Duncan, Wm Worcester, Mass. 

Dohoney, R. V A. & E. Rd Annapolis, Md. 

Eddy, Wilson B. & A.Rd Boston, Mass. 

Elliott, Henry O. & M. Rd East Louis, Mo. 

Edams, J.B I. C. Rd Amboy, 111. 

Evans, Thos C. & F. Rd Catasauqua, Pa. 

Erwin, J. H S. F. Div. L. Rd Sheboygan, Wis. 

Eastman, J. U N. & C. Rd Nashville, Tenn. 

Ellis, J. C Schenectady Loco^tive Works... Schenectady, N. Y. 

Eastman, C. L C. Rd Concord, N. H. 

Elder, Joseph R. R. I. & St. L. Rd Beardstown, 111. 

Elliott, C. C ..C. & N. W. Rd Clinton, Iowa. 

Ellis, W. H P. & R. Rd Catawissa, Pa. 

Foster, W. L P. & E. Rd Renovo, Pa. 

Fry, Howard ....Late Erie Rd Susquehanna, Pa. 

Flynn, J. H W. & A. Rd Atlanta, Ga. 

Fuller, Wm A. & G. W. Rd Meadville, Pa. 

Foss, J. M C. V. Rd St. Albans, Vt. 

Fellows, Chas Late L. S. & T. V. Rd Cleveland, Ohio. 

Faries, H. V A. T. & Santa Fe Rd Topeka, Kan. 

Finlay, L C. & F. Rd Little Rock, Ark. 

Fields, W. A P. &O.Rd Portland, Me. 

Funk, J. S N. C. Rd Marysville, Pa. 

Gibbs, E. B L. C. & L. Rd Louisville, Ky. 

Graham, Chas L. & B. Rd Kingston, Pa. 

Glass, G. W A. V. Rd Pittsburg, Pa. 

Garfield, E H. P.&F. Rd Hartford, Conn. 
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NAME. BOAD. ADDRESS. 

Garrett, H. D P. Kd West Philadelphia. 

Gorman, T. G M. K. & T. Rd Parson, Kan. 

Grant, R. D 

Griggs, W. H ..N. Y. &. O. M. Rd Oswego, N. Y. 

Griggs, Albert W. & N. Rd Worcester, Mass. 

Granger, W. E W. & B. R. Rd Utica, N. Y. 

Gassett, L. O L. 8. & M. 8. Rd » 8outh Cleveland, Ohio. 

Gould, A N. Y. C. & H. R. Rd ...Rochester, N. Y. 

Gould, F M. K. & T. Rd 8edalia, Mo. 

Hippie, W. H Late T. & P. Rd Marshall, Texas. 

Hayes, S. J I. C. Rd Chicago, 111. 

Hill, E. O Erie Rd New York City. 

Holloway, J. W C. Mt. V. & D. Rd Akron, Ohio. 

Ham, C.T Buffalo Steam Guage Co Buffalo, N. Y. 

Hayes, N 

Hull, A. 8 C. V. Rd Chambersburg, Pa. 

Hudson, W. 8.. Rogers Locomotive Works Paterson, N. J. 

Hibberd, A. W Jefferson City Iron Works Jefferson City, Mo. 

Hewitt, Jno A. & P. Rd 8t. Louis, Mo. 

Haines, O. A St. L. & I. M. Rd..... Carondelet, Mo. 

Healy, B. W Rhode Island Loco'tive Works-.Providence, R. I. 

Hudson, J. M Huntington, W.Va. 

Hollister, C. W Valley Rd Hartford, Conn. 

Hubbard, J. G Erie Rd.. Buffalo, K Y. 

Hanford, Henry Naugatuck Rd Bridgeport, Conn. 

Hodgman, 8. A P. W. & B. Rd Wilmington, Del. 

Hurd, R. F P. P. & J. Bd Pekin, 111. 

Hanglin, J. A Texas Pacific Rd Marshall, Texas. 

Johann, Jacob T. W. & W. Rd Springfield, 111. 

Jackson, Wm Rome, N. Y. 

Jackman, J. A C. A. & St. L. Rd Bloomington, HI. 

Jones, Thomas C. & F. Rd Catasauqua, Pa. 

Jeffrey, E. T L C. Rd... Chicago, III. 

Johnson, J. D C. & A. Rd Chicago, 111. 

Kinsey, J. I L. V. Rd Easton, Pa. 

Kelly, Joseph P. & W. Rd •. Providence, R. I. 

Kerr, Thomas C. & A. Rd Bordentown, N. J. 

Keeler, Sanford F. & P. M. Rd East Saginaw, Mich. 

Kidder, B. H Buffalo, N. Y. 

King, Robert C. C. & A. Rd Columbia, 8. C. 
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NAME. BOAD. 4 ADDRESS. 

Kilby, G. S C & P. fed Lyndonville, Vt. 

Losee, T. V ..I. B. & W. Rd Urbana, III. 

Little, H. A 2043 Tower street Philadelphia, Pa. 

Losey, J L. N. A. & C. Ed New Albany, Ind. 

Lewis, C. M N. C. Ed Baltimore, Md. 

Lauder, J. N -..N. Ed Concord, N. H. 

Landis, H. D B. & S. S. Ed Bellfonte, Pa. 

Leech, H. L Hiukley Locomotive Works Boston, Mass. 

Lamb, J Keokuk, Iowa. 

Logan, P. A N. B. Ed Fredricton, N. B. 

Lininger, W P. V. & C. Ed Pittsburg, Pa. 

Lingle, Thomas C. & O. Ed Eichmond, Va. 

Lewis, W. H M. & E. Div. D. L. & W. Ed....Hoboken, N. J. 

Losey, Fred. C 120 Park avenue Jackson, Mich. 

Lannon, Wm W. M. Ed Union Bridge, Md. 

Ladd, J. J S. & L S. E. Ed Pana, Ind. 

Munro, J. C St. P. & P. Ed St. Paul, Minn. 

Moore, S P. Ft. W. & C. Ed Allegheny, Pa. 

Mulligan, J C. E. Ed Springfield, Mass. 

Meier, E. D 26 North Main street St. Louis, Mo. 

Mitchell, A W. Div. L. V. Ed Wilkesbarre, Pa. 

McDowell, E B. D. Ed Lambertville, Pa. 

McKenna, J I. P. & C. Ed Peru, Ind. 

McAllister, W W. J. Ed Camden, N. J. 

McFarland, James..M. .& M.Ed Montgomery, Ala. 

McFarland, Johu...E. & D. Ed Eichmond, Va. 

McCrum, J. S M. E. Ft. S. & G. Ed Kansas City, Mo. 

Maynes, A. G S. E. & D. Ed Selma, Ala. 

McVay, John W. E. E. of A Montgomery, Ala. 

Montgomery, Ja8....L. & N. Ed Bowling Green, Ky. 

Morse, G. F Portland Locomotive Works... ..Portland, Me. 

Marsh, E. H W. N. C. Ed Salisbury, N. C. 

Martin, J. W G. T. Ed Portland, Me. 

Mead, L.T W. W. Ed Hudson, Wis. 

Morgan, John B«...C. D. & V. Ed Danville, IlL 

Morris, C. E Housatonic Ed Falls Village, Conn. 

Metzer, Charles L. C. & L. Ed Louisville, Ky. 

Noyes, Warren East. Div. G. T. Ey Gorham Station, N. H. 

Ortton, John G. W. Ey. of Canada Hamilton, Ont. 

Osborn, Ezra Grant Locomotive Works Paterson, N.J. 
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NAME. ]flftAD. ADDRESS. 

Perry, F. A C. & A. Ed Keene, N. H. 

Perry, G. W Late P. W. & B. Kd Wilmington, Bel. 

Pierce, E P. C. & St. L. Ed Dennison, Ohio. 

Parks, W. M T. B.Ed Taunton, Mass. 

Philbrick, S. M L. L. & G.Ed Lawrence, Kansas. 

Perrin, P. J Taunton Locomotive Works Taunton, Mass. 

Prescott, A. J G. Ed Catawissa, Pa. 

Peddle, C. E St. L. V. & T. H. Ed Terre Haute, Ind. 

Philbrick, J. W M. C. Ed Waterville, Maine. 

Prescott, G. H P. C. & St. L. Ed Logansport, Ind. 

Purves, T. B W. D. of B. & A. Ed Greenbush, N. Y. 

Place, T. W 111. C. Ed Waterloo, Iowa. 

Eay, W. F T. W. & W. Ed Ft. Wayne, Ind. 

Eichards, George. ..B. & P. Ed Boston, Mass. 

Eoop, F N. P. Ed .....Philadelphia, Penn. 

Eobinson, W. A G. W. Ey. of Canada Hamilton, Canada. 

Eobinette, J. T S. S. Ed Petersburg, Va. 

Eowley, W. D K. C. St. Joe & C. B. Ed St. Joe, Mo. 

Eoss, Anthony M. & C. Ed Memphis, Tenn. 

Eobb, W. D E. & P. Ed Elizabethtown, Ky. 

Eennie, D. P L. & N. Ed Louisville, Ky. 

Stevens, G. W L. S. & M. S. Ed Elkhart, Ind. 

Somers, A. H P. Ft. W. & C. Ed Valparaiso, Ind. 

Skidraore, J T. K & G. S. Ed Nashville, Tenn. 

Shaver, D. O Pennsylvania Ed Pittsburg, Pa. 

Smith, W. F C. C. C & L Ed Cleveland, Ohio. 

Sellers, Morris Air Brake Company Pittsburg, Pa. 

Setchel, J. H L. M. Ed Cincinnati, Ohio. 

Sellers, L. H P. & L. Ed Pensacola, Florida. 

Smith, W.T P. & E.Ed Erie, Pa. 

Sedgley, J L. S. & M.S. Ed Cleveland, Ohio. 

Strong, W. M N. Y. &H. Ed New York City. 

Sanborn, A. J I. & St. L. Ed Mattoon, 111. 

Stearns, W. H C. E. Ed Springfield, Mass. 

Sterk, F V. & T. A. M. & O. Div. Lynchburg, Va. 

Smith, J. Y Locomotive Builder Pittsburg, Pa. 

Stewart, E. C 

Smith, W. B S. C. Ed Charleston, S. C. 

Stewart, C. E Panama Ed 59 Wall st., N. Y. City. 

Slingland, N Western Ed Hartford, Conn. 
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KAME. BOAD. ADDBESS. 

Sprague, H. N Porter, Bell & Co Pittsburg, Pa. 

Sechler, J. F N. Y. & O. M. Ed Wortendyke, N.J. 

Steinberger, Sam'l ..J. M. & I. Bd North Madison, Ind. 

Salisbury, L. B St. L. & S. E. Bd ...., Mt. Vernon, 111. 

Schlacks, H I. C. Ed .'.,. Chicago, HI. 

Stratton, G. W Pennsylvania Rd Altoona, Pa. 

Towne, L. N H. & St. Joe Ed Hannibal, Mo. 

Thompson, C. A L.I. Ed Hunter's Point, L. I. 

Thompson, John ...Eastern Ed East Boston, Mass. 

Thompson, John ...P. Ft. W. & C. Ed Crestline, Ohio. 

Turreff, W. F. L.S. & T. V. Ed Black Eiver, Ohio. 

Towne, H. A N. P. Ed St. Paul, Minn. 

Taylor, J. K O. C. & N. Ed .Boston, Mass. 

Templeton, Thos....P. Ed - Battle Creek, Mich. 

Tier, G. H Toledo Div. L. S. & M. S. Ed...Norwalk, Ohio. 

Thornton, M M. <& B. Ed Macon, Ga. 

Tull, C. H N. L. & T. Ed Monroe, La. 

Thompson, ArchicO & M. Ed Seymour, Ind. 

Underbill, A. B B. & A. Ed Boston, Mass. 

Van Vetchen J Erie Ed Port Jarvis, N. Y. 

VanTuyl, A • Urbana, Champaign Co., 

Illinois. 

VanBuskirk,W*G..D. & C.Ed Fishkill, N. Y. 

Walsh, Thos M. & O. of L. & N. Gt. So. Ed. Memphis, Tenn. 

Warren, B St. L. A. & T. H. Ed., V. B. & 

I. Division St. Louis, Mo. 

Wallace, W. L L. B. & S. L Div. S. & M. S. Ed..Buffalo, N. Y. 

Wallace, H. S C. & H. V. Ed - Columbus, Ohio. 

Woods, Horace E...C. E. I. & Pac. Ed Eock Island, 111. 

Whitney, H. A Intercolonial Ed Moncton, N. B. 

Wells, Eeuben.* J. M. & I. Ed > Jeffersonville, Ind. 

Wright, N A. & G. W. Ed Cleveland, Ohio. 

Wade, E. D N. C. Ed - Company Shops, N. C. 

Wiggins, J. E B. H. & E. Ed ~ Boston, Mass. 

Waite, F. A B. & M. Ed.,. Boston, Mass. 

Woodcock,W Central Ed.. Elizabethport, N. J. 

White, J. L E. & C. Ed Evansville, Ind. 

Waddy, J. E O. A. <& M. Ed Alexandria, Va. 

Williams, E. H Baird & Co., Loco. Builders Philadelphia, Pa. 

21 
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^ - - — ,, ,ij,__^_, ^ _ _ __ii ,1,111 , t 

Waugb, L. H K. P. ltd ^...Armstrong, Kansas. 

Weaver, D. S ..E. E. Bd Hunnewell, Ky. 

Whitworth, John....!. S. N. &.P. Ed Norfolk, Va. 

Wood, Matt. P C. & T. H, Rd Terre Haute, Ind. 

Walls, Martin.. P. & E. Rd .' Sunbary, Pa. 

White, Philip^ C. & P. Bd Wellsvilie, Ohio. 

Woodruff, T. B Central Rd. of Iowa Eldora, Iowa. 

Wilson, Wm C. B. & Q. Bd Galesburg, 111. 

Young, L. S.- 0. C. G. & I. Bd Cleveland, Ohio. 

• 

ASSOCIATE MEMBEBS. 

.Bement, W. B 2l8t and Callowhill streets Philadelphia, Pa. 

Evans, W. W 63 Pine street New York. 

Forney, M. N... Bailroad Gazette ~... 73 Broadway, New York. 

Holly, A. L Troy, N. Y. 

Lilly, J. O. D ..Indianapolis, Ind. 

Miles, F.B Ferris & Miles .....Philadelphia, Pa. 

Morten, Henry Stevens Institute 4 ^Hoboken, N.J. 

Nott, Gordon H.» Boston, Mass. 

Bogers, J. G Madison, Ind. 

Sellers, Coleman.. Philadelphia, Pa. 

Thurston, B. H Professor at Stevens Institute. o.Hoboken, N. J. 

Wheelock, Jerome —...Worcester, Mass. 
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ORDER OF BUSINESS 



1. Beading the Minutes of previous meeting. 

2. Calling the Boirof Members. 

3. Signing the CJonstitution. 

4. Report of Secretary. '^ 

5. Report of Treasurer. 

6. Report of Committees appointed at a previous meeting. 

7. Election of Officers. 

8. Appointment of a Committee to suggest Subjects for Consideration. . 

9. Appointment of Miscellaneous Committees: on Finance, Printing, 

and place for holding next Annual Meeting. 

10. Report of Committee to suggest Subjects for Consideration. 

11. Appointment of Committees to report upon the Subjects suggested for 

Consideration. 

12. Unfinished Business. 



[Signed,] H. M. BBTTTON, 

N. E. CHAPMAN, 
WM. A. BOBINSON, 
J. H. SETCHEL, 



Committee, 



